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ABSTRACT 
There is increasing scientific and public concern about chemicals in the environment and in 
particular those that pose a risk to human health. As a result, there is increasing pressure for 
industries to reduce risks and comply with emerging chemical legislations, such as the 
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH).  
The mining industry relies heavily on the use of chemicals having a large range with a variety of 
hazards and exposures. Several screening and risk assessment procedures were evaluated to 
determine their appropriateness to the mining industry. This PhD aimed to assist the mining 
industry by proposing a framework that integrated hazard and exposure assessments into a 
numerical ranking and evaluation of individual chemicals and workspaces. This was developed 
by collecting and evaluating data on the hazards and exposures of chemicals across copper, 
platinum and coal mining operations.  
The hazard identification procedure showed that 9% (76 out of 850)  of chemicals had 
ingredients that could be classified as known or suspected carcinogens, mutagens and/or 
reproductive toxins, laboratories on mine sites having the highest number of chemicals with 
severe hazardous properties (Carcinogenic, Mutagenic, Reproductive toxin (CMR) and/or 
fatal/and/ or very toxic to aquatic life). An exposure assessment was proposed that used onsite 
observations to define and tailor the exposure categories for the mining industry and to define the 
workspaces in terms of the exposure controls and chemical management measures. 
Findings demonstrated that 24% of the 850 chemicals were classified as being of potential high 
risk of harm, with 3% (27) prioritised for immediate management. This was validated by 
comparing the results with established hazard classifications. All of the workspaces investigated 
had insufficient safety and/or exposure controls to accommodate the hazards of the typical 
chemicals used.  
This workspace-based framework is a dynamic system that manages the chemicals in current 
use, but is also a wide scoping system to include measures in place for future chemicals 
introduced into workspaces. 
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CHAPTER 1: INTRODUCTION  
 
1.1 Introduction 
Synthetic chemicals are all around us, in the food we eat, the clothes we wear, the products we 
use. They play an important part in advancing medical sciences, research and development and 
enhancing the standard of living worldwide (Plant et al., 2011).  
Equally on the other hand, they can be harmful as a result of their inherent toxicities, 
inappropriate use, overexposures and unawareness of their presence.  Many of the chemicals 
used in industry and consumer products can be hazardous to human health and the environment 
and the majority have yet to be tested for potential toxicity and impact on human diseases 
(Haynes, 2010).  
Mining operations use a wide range of different chemicals from specialist to those that are 
commercially available and with hazard classifications that range from known carcinogens to 
non-classifiable. The use patterns range from milligrams per month to tonnes per day; and 
chemical exposure controls vary from local exhaust ventilation to the use of personal protection 
equipment (PPE). There is a need for a chemical management system to identify and understand 
the risks posed by the chemicals used in the mining industry that is capable of accommodating 
the range of hazards, volumes, exposure scenarios, undisclosed information and mixture 
combinations found in workspaces in mining operations. This research is also driven by the 
importance the sponsoring company places on the need to protect the health and wellbeing of 
their workers and the community; being aware of, and communicating the hazardous 
properties of chemicals; ensure financial stability in the light of enforced changes to their 
productions and to prevent litigation.    
A single existing chemical screening system is unable to meet all the requirements of the mining 
industry and therefore a chemical risk framework tailored for the mining industry has to be 
developed, which combines features of the available procedures, in order to identify which 
chemicals and ingredients in product formulations are on priority lists, or are likely to be so in 
the future, as well as  screen situations in which the chemicals are used, in order to 
determine the most high risk scenarios, so that appropriate measures to prevent and reduce 
dangerous situations can be taken. 
This thesis therefore presents a mine-orientated chemical risk framework that shows how the 
risks posed by the chemicals and the workspaces can be determined in a transparent and 
systematic manner, to focus chemical management for both current and future situations.   
 
2 
 
CHAPTER 2: BACKGROUND  
2.1 Mining 
Mining can be defined as “the extraction of any naturally occurring mineral substances – solid, 
liquid, and gas – from the Earth or other heavenly bodies for utilitarian purposes” (Hartman & 
Mutmansky, 2002). The overall sequence of events in modern mining is: prospecting, exploration, 
development, exploitation and reclamation (Hartman & Mutmansky, 2002). 
Prospecting – the search for ores or other valuable minerals 
Exploration – determines accurately as possible the size and value of a mineral deposit. 
Development – the work of opening the mineral deposit for exploitation.  
Exploitation – the recovery of minerals from the Earth in quantity.  
Reclamation  - the process of closing  a mine and recontouring, revegetating, and restoring the 
water  and land values.  
In the mining industry, the cradle-to-grave cycle for metals and minerals usually involves several 
major unit operations (Figure 1) (Kontopoulos et al., 1998). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  Cradle to grave cycle for metals and minerals in mining process  
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Mining has been historically classified as a dangerous industry, because of falls of earth, strata 
gases that are emitted into the mine atmosphere, the explosive nature of mineral fuels in the 
form of dust. Fatalities in mines have resulted from fires and explosions in mines that were 
mainly associated with methane gas and coal dust.  Health effects that were found to be 
associated with the mining industry were mainly respiratory diseases, including silicosis, 
pneumoconiosis and asbestosis, caused by silica, coal dust and asbestos in mines, respectively 
(Hartman and Mutmansky, 2002). 
The responsibilities of the mining industry towards the environment have become more 
prominent in recent decades and were virtually non-existent at the beginning of the twentieth 
century (Hartman & Mutmansky, 2002). Some of the environmental problems attributed to the 
mining industry include hazards from old mine workings, heavy metals leached from old mine 
dumps, dusts blown from old mine dumps and tailings impoundments, the failure of tailings dams, 
the radioactivity of some mine wastes and the production of acid mine drainage from old mines 
(Hartman & Mutmansky, 2002).There have been vast improvements in the health and safety of 
the mining industry in recent decades. These improvements have resulted from Government 
involvement, the mining companies, miner’s unions and from individuals who work in health and 
safety, and have been achieved through better regulations, better adherences to safety practices 
and improved education (Hartman & Mutmansky, 2002). 
It is clear that the mining industry already has several health, safety and environmental issues to 
contend with, and therefore it is easy to overlook the hazards associated with the use of the 
commercially available chemicals used on mine sites. Nevertheless, the risk chemicals pose to 
human health and the environment within the industry, and the regulation of chemicals usage, is 
currently an important aspect to address and will become more so.  
2.2 Chemicals 
Chemicals pose a danger to human health and the environment throughout the different stages 
of their life-cycles – production, handling, transport and use (United Nations Economic 
Commission for Europe, 2012a). 
2.2.1 Chemicals in Industry 
Industrial chemicals have become an integral part of daily life in modern societies and were 
developed to improve the quality of human life. These chemicals are produced and used by 
industry for various purposes, but their chemical, physical or biological properties can pose a 
potential risk to life, health and the environment (Plant, Voulvoulis & Ragnarsdottir, 2011).  
Chemicals have shown persistence, bioaccumulation and toxicity (PBT), CMR (carcinogenic, 
mutagenic and reproductive toxin) effects and some have been classified as persistent organic 
pollutants (POPs) as listed under the Stockholm Convention. 
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The risk of harm to humans from chemical exposure is generally higher in an occupational 
setting than in commercial use, due to the intensity of the exposure. Over 8000 (5.3%) of total 
cancer deaths in Great Britain in 2005 were found to be occupational related (Rushton et al., 
2012).The agents responsible for most occupational cancers were identified as asbestos, mineral 
oils,  silica, diesel engine exhaust, PAHs from coal tar and dioxins, environmental tobacco 
smoke, radon exposure from natural exposure in workplaces, tetrachloroethylene, arsenic and 
strong inorganic acid mist, as well as other factors such as shift work and  solar radiation. 
Occupations such as painters and welders were also identified to be high risk (Rushton et al., 
2012).The study conducted by Rushton et al (2012) identified the industry sectors with high 
numbers of occupation–related cancers  as construction, metal working, personal/household 
services, land transport, printing/publishing, retail, public administration/defence, farming and 
mining.  
There are a large range of different chemicals used in industries that contribute to occupational 
diseases, including solvents, plastics, rubbers, dyes, pesticides and metals. Four categories of 
chemicals found in several industries are discussed here: degreasers, paints, cleaning agents 
and adhesives. 
Degreasers 
Metal degreasing occur in many industrial processes including metal working, welding, 
electroplating. Various organic solvents are used in degreasing, including commonly used 
chlorinated solvents such as  trichloroethylene, dichloromethane and perchloroethylene (National 
Institute for Health, 2014). Trichloroethylene has been classified as a possible carcinogen to 
humans (Group 2A), because inhalation and oral administration of trichloroethylene to mice and 
exposure provided sufficient evidence of its carcinogenicity, but the evidence was inadequate for 
humans. Trichloroethylene preparations with epoxide stabilisers also resulted in mutagenic 
effects on rodents (International Agency for Research on Cancer, 1995). Although its use has 
declined since the 1970s, exposure is still of concern as a study in 2003 described a link 
between kidney cancer and occupational exposure (Brüning et al., 2003). Consequently, 
trichloroethylene is also on ECHA’s list of Substances of Very High Concern (European 
Chemicals Agency, 2010). Trichloroethylene is also commonly used in dry cleaning, food 
processing, inks and paints (Bakke, Stewart & Waters, 2007).   
 
Paints 
Paints contain a wide range of substances, including solvents, binders, pigments and additional 
additives to improve the flow of the paints, improve the pigment stability and to modify the 
surface tension. Ingredients present within some paints that are known human carcinogens 
include dyes such as C.I. Direct Black 38 (Group 1) and C.I. Direct Brown 95 (Group 1) 
(International Agency for Research on Cancer, 2012b) and hexavalent chromium compounds 
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(International Agency for Research on Cancer, 1997), aldehydes such as formaldehyde 
(International Agency for Research on Cancer, 2012a). The occupational use of surface coating 
paints that contain anhydrides, isocyanates, triglycidyl isocyanurate (TGIC) and aliphatic and 
cycloaliphatic amines have also been linked to occupational asthma (Piirilä et al., 1997). 
Cleaning agents 
Occupational asthma has also been associated with cleaning products that contain 
ethanolamines (Savonius et al., 1994) and Chloramine-T (Dijkman, Vooren & Kramps, 1981).  
Adhesives 
The use of glues and sealants are widespread in occupational tasks including @@@. Grouting 
chemicals commonly used construction, pipe-laying and mining contain acrylamide, which has 
shown evidence of causing peripheral nervous system impairment as a result of occupational 
exposure (Hagmar et al., 2001).  Stoddard solvent and thinners are commonly found in paints, 
degreasers as well as glues and adhesives and have shown evidence of adverse effects on the 
central and peripheral nervous system (White & Proctor, 1997). Epoxy resins, isocyanates, 
acrylates, and curing agents are also used to make synthetic glues and adhesives (National 
Institute for Health, 2014). 
2.2.2 Chemicals in Mining  
Legislation about mining activity is focussed on preventing environmental damage and reducing 
fatalities and injuries to workers in the mines. Some of the laws include, the Mine Health and 
Safety Act 29 of 1996 for South Africa, the Federal Coal Mine Health and Safety Act of 1969 
(United States of America) the Management and Administration of Safety and Health at Mines 
Regulations 1993 (United Kingdom),  the Mines Miscellaneous Health and Safety Provisions 
Regulations 1995 (United Kingdom). The mine laws mainly document stringent procedures to 
ensure chemical safety for everyone concerned, however, at present, mine laws do not cover 
chemical usage. Nevertheless, the International Council on Mining and Metals (ICCM) prepared 
a Good Practice Guidance on Health Impact Assessment document in 2010 that considers the 
exposure to chemicals.  
Amongst all the industries that use chemicals, such as agriculture, baking, cleaning and motor 
vehicle repair (HSE, 2010), the mining industry would be overlooked in terms of the potential 
harm resulting from chemicals usage. Mine sites, however have a wide range of activities and 
the majority of them use chemical substances, including the flotation process, electrowinning 
plants, analytical and quality control laboratories, workshops, gardening and cleaning services.  
Since multinational mining companies generally work at an international scale, the range of 
possible occupational diseases may be greater because of the range of chemicals used and the 
different standards of exposure controls within and between companies.  Furthermore mining 
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operations include metal working, welding, painting, household services and farming, were 
identified as high risk by Rushton et al. Hence the overlap in chemical risks between industries 
may mean there is a higher percentage and range of occupational diseases associated with 
mining operations.  
Chemicals are essential for the success of the mining industry. Flotation could not take place 
without the use of flotation reagents. Flotation in mineral processing is a technique that is used to 
concentrate and purify minerals from the gangue. It depends on the ability of air bubbles to 
selectively adhere to specific mineral surfaces in a mineral-water slurry as a result of the 
differences in hydrophobicity and hydrophilicity. It is  governed by the interfacial properties of the 
solid-liquid-gas system and changes in these properties by the additions of reagents to the 
system (Bulatovic, 2007). Flotation is a combination of chemical, physicochemical and physical 
processes. The surface of the minerals in the solid phase play a major role in the interactions of 
the flotation reagents.  The liquid phase is where the separation of the minerals take place. The 
air phase involves the aeration of the flotation pulp and dissolved gases, with the purpose of 
providing sufficient dissolved oxygen to achieve differential flotation (Bulatovic, 2007). 
The types of flotation reagents required to facilitate the process are divided into collectors, 
frothers, regulators and depressants. The purposes of these reagents in the flotation system are 
given below (Bulatovic, 2007): 
 Collectors: to selectively form a hydrophobic layer on a given mineral surface of the flotation 
pulp for the recovery of the mineral particles.  
 Frothers: to lower the surface tension of water, increase the film strength of the bubbles  and 
provide better attachment of hydrophobic particles to the bubbles.  
 Regulators: activators, depressants and pH regulators govern the selectivity of the flotation 
process  by modifying the action of the collector in the mineral surfaces. Activators provide 
conditions for the mineral to react with the collector. Depressants reduce the conditions for 
hydrophobization of a particular mineral with the collector. The pH regulators change the 
concentration of hydrogen ions in the pulp and therefore improves collector interaction with 
the selected mineral and reduces interaction with undesirable minerals (Bulatovic, 2007).  
Such flotation reagents, in particular the collectors and frothers, are used on a scale of tonnes, 
because a typical mineral mine plant processes thousands of tonnes of ore a day (Pan et al., 
2009). The quantities of reagents used depend on several factors, including the type of ores 
being separated, the quantity of the ores being processed, the ratio of the different reagents 
added which depend on the process conditions, and the types of minerals separated. Regardless 
of the exact quantity of ore processed, a large amount are used in flotation, daily, and this 
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increases the potential for exposure of workers and the environment to these hazardous 
chemicals.    
Xanthate based collectors are used in most metal mining flotation processes, and are well known 
to be highly flammable and to release  highly toxic/fatal carbon disulphide gas in the presence of 
moisture. There have been reported incidences of xanthate-related fires in the past, as a result of 
carbon disulphide accumulation, including the one at Mount Isa, in Queensland, Australia in 1994, 
with sodium ethyl xanthate, and at O’ Connor, Western Australia in 1994, involving potassium 
amyl xanthate. In 1993, an incident was reported affecting residents in the vicinity of the mine, 
where symptoms were detected including headaches, dizziness and nausea and the foul odour 
of sodium ethyl xanthate was detected (Australian Government Department of Health and Ageing, 
1995).  
2.3 Current Regulations on Chemicals  
The risk assessment of chemicals is increasingly driven by legislation. Without legislation, it is 
unlikely that risk assessing/screening would be implemented. The mining industry must consider  
the basic requirements of the relevant chemical legislation and since mining industries are 
usually multi-national companies, a knowledge of international chemical legislation is required.  
Several international bodies have developed agreements on chemical risk management, 
including the European Union (EU,) the Organisation of Economic Cooperation and Development 
(OECD) and the United Nations Environment Programme (UNEP) which also has instruments for 
addressing global problems caused by production and use of chemicals (Royal Commission on 
Environmental Pollution, 2003). 
Chemical legislation in the United Nations, United States, Canada, Australia, Chile and Europe is 
considered here with a focus on the material safety data sheet (MSDS) regulation and how 
confidential business information (CBI) is regarded.   
2.3.1 United Nations 
The United Nations Globally Harmonised System of Classification and Labelling of Chemicals 
(GHS) aims to enhance the protection of human health and the environment by providing an 
internationally comprehensible system of hazard communication (United Nations Economic 
Commission for Europe, 2012b). It was established to eliminate confusion caused by the same 
chemical having different hazard descriptions in different countries. Hence the same criteria for 
chemicals are being established according to their health, environmental and physical hazards 
and are being standardised for hazard communication requirements for labelling and safety data 
sheets, during the handling, transport and use of chemicals (Health and Safety Executive, 2010). 
The purpose is to enhance the protection of human health and the environment by providing an 
internationally comprehensible system for hazard communication (United Nations Economic 
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Commission for Europe, 2012b). This will be achieved by providing a recognised framework for 
countries without an existing framework, reduce the need for testing and evaluation of chemicals 
and facilitate internationally trade in chemicals (United Nations Economic Commission for 
Europe, 2012a). The GHS elements are: harmonized elements for classifying substances and 
mixtures according to their health, environmental and physical hazards; and harmonised hazard 
communication elements, including requirements for labelling and safety data sheets. The 
document describes the harmonised criteria for classification and the hazard communication 
elements by the type of hazards.   
The GHS however does not intend to harmonise risk assessment procedures or risk 
management decisions, such as the establishment of permissible exposure limits. The elements 
of GHS to be implemented and applied within countries will depend on the needs of the 
competent authorities and the target audiences (United Nations, 2011). 
The GHS states that provision for CBI should be made but this should not compromise the health 
and safety of workers or consumers, or the protection of the environment (United Nations, 2011). 
The GHS principles also provide a platform for non-emergency situations where the supplier or 
employer is required to disclose CBI to a safety or health professional when required (United 
Nations, 2011). Although CBI will not be disclosed in MSDSs, the GHS principles as well as the 
uniform requirements for  MSDSs (identification of the chemical name and concentration of all 
ingredients which are classified as health hazards) should improve the consistency of the 
information disclosed in all countries that adopt the GHS. 
2.3.2 United States of America  
The US Environmental Protection Agency (US EPA)’s mission is to protect human health and the 
environment which includes risks from pesticides and toxic chemicals (US EPA, 2012b). 
The most important statute regarding chemicals implemented by the US EPA is the Toxics 
Substances Control Act of 1976 (TSCA) The objective of TSCA was to allow the EPA to regulate 
new commercial chemicals before they enter the market, to regulate existing chemicals (since 
1976) when they pose an unreasonable risk to health or to the environment, as well as to  
regulate their distribution and use  (US EPA, 2012c). 
In terms of confidential business information, a manufacturer, processor, or distributor in 
commerce may designate the data which such person believes is entitled to confidential 
treatment. However, some of the circumstances under which the information may be disclosed 
include if the Administrator determines it necessary to protect health or the environment against 
an unreasonable risk. The subsequent action that would be taken if the Administrator determines 
that the release of such data is necessary to protect against an imminent, unreasonable risk of 
injury to health or the environment, a notice may be made by such means as the Administrator 
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determines will provide notice at least 24 hours before such release is made (US Congress, 
2000). 
In terms of MSDS communication, under the Occupational Safety and Health Administration 
(OSHA) Hazard Communication Standard, a chemical manufacturer or importer is required to 
develop an MSDS for each hazardous chemical it produces or imports (OSHA, 2012). An MSDS 
must identify the chemical and its hazardous ingredients amongst a range of other requirements. 
In terms of trade secrets the only information that can be withheld from an MSDS, is the specific 
chemical identity and only if the effects of the hazardous chemical are disclosed to health 
professionals, employees and relevant unions (OSHA, 2001). 
2.3.3 Canada 
The Workplace Hazardous Materials Information System (WHMIS) is Canada's national hazard 
communication standard. This includes a process for ruling on claims for exemption from 
disclosure of CBI on labels and MSDSs as well as appeals against these rulings. A fundamental 
consideration is to balance workers' right-to-know with suppliers' need to protect genuine 
confidential business information (Health Canada, 2008). 
Chemical identities and other information required by the Hazardous Products Act (HPA) and 
Canada Labour Code (CLC) can be claimed as a trade secret under the Hazardous Materials 
Information Review Act (HMIRA).  Section 11 of HMIRA specifies that a supplier may claim an 
exemption from the requirement to disclose: the chemical identity or concentration of any 
ingredient of a controlled product; or the name of any toxicological study that identifies any 
ingredient of a controlled product, if the supplier considers such information to be confidential 
business information (Department of Justice Canada, 2008). Additionally an employer can claim 
the chemical name, generic name, trade name or brand name of a controlled product or 
information that could be used to identify a supplier of a controlled product should be kept 
confidential.  All claims for exemption to disclosure are subject to a prescribed fee (Department 
of Justice Canada, 2008). 
The criteria against which the validity of a trade secret claim is assessed are as follows: 
information must be known only to designated persons; the claimant must have taken reasonable 
care to maintain the confidentiality of the information; the information must have economic value 
to the claimant or competitors and the information must represent a significant development cost 
(Health Canada, 2008). 
Section 26 of HMIRA states that an appeal board may order a claimant to disclose to an affected 
party in confidence, if in the opinion of the appeal board, for reasons of health and safety in a 
work place, the information should be disclosed (Department of Justice Canada, 2008). 
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2.3.4 Australia 
In Australia, the Occupational Health and Safety (Safety Standards) Regulations 1994, states 
that the MSDS must include the name of each ingredient of the dangerous goods but if the 
identity of an ingredient of the dangerous goods is commercially confidential, the manufacturer 
may use the generic name for the ingredient in the MSDS. The criteria for submitting a 
confidential claim include, if:  the manufacturer considers that giving the generic name of the 
ingredient would cause commercial disadvantage; if the ingredient is not dangerous and if the 
ingredient does not have known synergistic effects. However, if there is a medical emergency 
involving dangerous substances, the manufacturer must disclose the name of the ingredient 
(Australian Government - ComLaw, 1994). 
2.3.5 Chile 
In Chile, the Ministry of Health and Health Services is the authority is responsible for managing 
chemicals and waste. Companies seeking to manufacture or import hazardous substances must 
seek authorisation from the Ministry before it can clear customs, however there is no formal 
registration for importers of chemicals (Wenk, 2012, Ministerio de Salud y Servicios Sanitarios, 
1968). 
In Chile, the Industrial Property Law (Law No 19.039 Modified by Law No 19.996), introduced a 
system of protection for trade secrets. Article 86 of the Law No 19.039 defines a trade secret as 
all knowledge of industrial products or procedures that, by being kept secret, gives the possessor 
thereof a competitive advantage, enhancement or breakthrough (Ministerio De Economia, 
Fomento Y Reconstruccion, Subsecretaria De Economia, Fomento Y Reconstruccion, 2005).  
According to Article 86, when the Institute of Public Health or the Agriculture and Livestock 
Service requires the submission of undisclosed information, proof data or other information, 
concerning the safety and efficacy of a pharmaceutical or agricultural chemical product which 
utilises a new chemical entity that has not been previously approved by the competent authority, 
such information or data shall be considered confidential (Ministerio De Economia, Fomento Y 
Reconstruccion, Subsecretaria De Economia, Fomento Y Reconstruccion, 2005). The competent 
authority may not disclose nor utilise the confidential data to grant a health registration or 
authorisation to someone who does not have the permission of the holder thereof, for a period of 
five years for pharmaceutical products and 10 years for agricultural chemical products. However 
for justified reasons of public health, national security, non- commercial public use, national 
emergency or other extremely urgent circumstances declared to be so by the competent 
authority; the protection set forth in article 89 can be terminated (Ministerio De Economia, 
Fomento Y Reconstruccion, Subsecretaria De Economia, Fomento Y Reconstruccion, 2005). 
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2.3.6 Europe 
REACH 
The REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) regulation 
came into force in the European Union on 1 June 2007, with the intention of protecting human 
health and the environment from risks that can be posed by chemicals, whilst ensuring the 
competitiveness of the chemical industry in the EU (ECHA, 2012c).  
All industries in the European Union that use chemicals are subject to the REACH legislation, 
which calls for the registration of the commercial use of all chemicals hazardous to human health 
and the environment. This regulation shifts the burden of ensuring the safety of substances from 
the local authority to industry itself.  Proof of safety is dependent on the industry’s ability to 
submit REACH compliant product information about the substances they use and/or produce  
(European Commission, 2007). 
The future of REACH is to implement more stringent measures in terms of requirements for more 
detailed assessments of the hazardous properties of chemicals. This will include reviewing 
chemicals of endocrine disrupting properties, as well as the need for reproductive tests for 
substances used in volumes between 10 and 100 tonnes per year  (European Commission, 
2007).  If the risks cannot be managed, authorities can restrict the use of substances in different 
ways (European Chemicals Agency, 2013b). 
The European Chemicals Agency (ECHA) is the driving force among regulatory authorities in 
implementing REACH. ECHA helps companies to comply with the legislation, advances the safe 
use of chemicals, provides information on chemicals and addresses chemicals of concern 
(ECHA, 2012a). 
In terms of trade secrets, the REACH regulation states that, if a person responsible for placing a   
preparation on the market can demonstrate that the  disclosure in the safety data sheet of the 
chemical identity of a substance (that falls within certain hazard classes) will put at risk the 
confidential nature of the intellectual property, they may refer to that substance either by means 
of a name that identifies the most important functional chemical groups, or by means of an 
alternative name (Official Journal of the European Union, 2006).  
In accordance with Article 119(1) and (2) of the REACH Regulation, ECHA is required to publish 
the information it has on registered substances on the internet free of charge. However 
information can be withheld if publishing it can be demonstrated to be potentially harmful to the 
commercial interests of the registrant (Official Journal of the European Union, 2006)  who incurs 
a fee for the confidentiality claim to be upheld (ECHA, 2010b). Nevertheless, in cases where 
urgent action is essential to protect human health, safety or the environment, ECHA may 
disclose information that would normally be considered confidential. The information that would 
be disclosed in this case includes: details of the full composition of a preparation; the precise use, 
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function or application of a substance or preparation; the precise tonnage of the substance or 
preparation manufactured or placed on the market; and links between a manufacturer or importer 
and his distributors or downstream users (Official Journal of the European Union, 2006). Where 
the IUPAC name is claimed to be confidential, a public name must be provided for dissemination 
(ECHA, 2010b). 
With respect to MSDS’s and previously undisclosed chemicals, “any actor in the supply chain 
who is required to carry out a chemical safety assessment for a substance shall ensure that the 
information in the safety data sheet is consistent with the information in the assessment. If the 
safety data sheet is developed for a mixture and the actor in the supply chain has prepared a 
chemical safety assessment for that mixture, it is sufficient if the information in the safety data 
sheet is consistent with the chemical safety report for the mixture instead of with the chemical 
safety report for each substance in the mixture” (Official Journal of the European Union, 2006). 
CLP 
The GHS method of classifying and labelling chemicals  was implemented into Europe in the 
form of the Classification, Labelling and Packaging (CLP) regulation and entered into force in 
January 2009. This new regulation will replace the current Dangerous Substance Directive (DSD) 
and the Dangerous Preparation Directive (DPD) by 2015 (European Chemicals Agency, 2013a). 
The CLP Regulation is legally binding across the Member States and is directly applicable to 
industry.  It may not be identical to the GHS implementations for countries outside the EU, 
because it retains some of the features of the DSD and DPD (European Chemicals Agency, 
2009b). 
Similar to the previous regulations, the CLP aims to determine is a substance or mixture has 
properties that lead to a classification as hazardous. The manufacturers, importers or 
downstream users have to communicate this classification to other actors in the supply chain. A 
substance or mixture is classified as hazardous by examining the potential to cause harm 
depending on its the intrinsic properties. Hazard classification is assigned to a standardised 
description of a substance or mixture causing harm to human health and/or the environment 
(European Chemicals Agency, 2009b). 
The hazard labelling communicates the hazard classification to the user of the substance or 
mixture and alerts them to the need to avoid exposures. The packaging standards of CLP ensure 
the safe supply of hazardous substances and mixtures (European Chemicals Agency, 2009b). 
 
2.4 Chemical Risk Assessment  
Risk is defined as the probability that a substance or situation will cause harm under specified 
conditions, and is a combination of the probability (or exposure from a chemical) and the 
consequence (or chemical hazard) (Health Protection Agency, 2013).  
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A classical risk assessment procedure has four stages(Hester & Harrison, 2006):  
1. Hazard Identification (the identification of the source capable of causing adverse effects); 
2. Hazard Characterisation (quantitative or semi-qualitative assessment of the adverse 
effects on humans and/or environment following exposure);  
3. Exposure Assessment (evaluation of likely exposure); and  
4. Risk Characterisation (probability of occurrence and severity of adverse effect) 
Chemicals pose three types of risk: i) directly to health; ii) directly to the environment; iii) to health 
via the environment (Hester & Harrison, 2006). Direct and immediate risks to health, such as 
from chemicals that are corrosive or acute poisons are less feared than risks that manifest 
themselves years after exposure, such as cancers and reproductive health problems (Hester & 
Harrison, 2006). Although these problems do not necessarily arise from synthetic chemicals, and 
may be caused from lifestyle, diet or environmental factors, there are some chemicals known to 
cause cancers, such as cancer of the liver from vinyl chloride (Waxweiler et al., 1976), leukaemia 
from Benzene (Duarte-Davidson et al., 2001) and beta-napthylamine causing bladder cancer 
(Checkoway et al., 1981, Scott, 1952). In these cases, extreme care is taken not to expose 
people to such chemicals, but since they are still beneficial to society, they are used in controlled 
conditions. The risk arises when chemicals are used in uncontrolled conditions (Hester & 
Harrison, 2006). 
In order to assess the risks posed by chemicals, two sets of information are needed: the hazards 
posed by the chemical’s intrinsic properties and the potential for the chemical to cause harm to 
humans or the environment by interacting with them  (Hester & Harrison, 2006). 
ECHA is the authority responsible for implementing the EU’s REACH regulation and therefore 
their approach to risk assessment that promotes alternative methods for the hazard assessment 
of substances in order to reduce the number of tests on animals (European Chemicals Agency, 
2013b) is relevant when considering appropriate methodologies that use readily established 
information. The instrument that ensures that all the risk are identified and describes the 
conditions under which the manufacturing and use of a substance is considered to be safe is the 
chemical safety assessment (CSA) (European Chemicals Agency, 2009a) and the three major 
stages in the process are as follows: 
Hazard Assessment  
This stage requires the collection and evaluation of all available and relevant information on the 
chemicals, including the intrinsic properties of the substance, the manufacturing and uses, and 
the related emissions and exposures. In the cases where the existing information is insufficient to 
satisfy the requirements of REACH, then additional information is generated (European 
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Chemicals Agency, 2009a). This stage identifies the hazards of the substances, assesses the 
potential effects on humans and the environment and determines the exposure controls.  
Exposure assessment  
This stage measures or estimates the dose or concentration of the substance to which humans 
or the environment may be exposed. The levels of exposure are determined by considering the 
conditions under which the substance is the manufactured and used, referred to as exposure 
scenarios (European Chemicals Agency, 2009a). The exposure scenarios consider the 
operational conditions, such as duration and frequency of use, amount of substance employed, 
concentration of substance in a product and process temperature. The risk management 
measures are also considered, such as the local ventilation, air filtering systems, waste water 
treatment and personal protection equipment (European Chemicals Agency, 2009a). The human 
exposure is estimated by considering the possible exposure patterns arising from each exposure 
scenario. Similarly for the environment, the Predicted Exposure Concentration (PEC) is 
determined for each environmental sphere.  
Risk characterisation  
The third step in the CSA process is the risk characterisation. For this stage, the levels of 
exposure are compared with the threshold levels for each effect. In the cases  where it is not 
possible to determine a threshold level for one effect, a qualitative or semi-quantitative approach 
is used (European Chemicals Agency, 2009a). Risks are regarded as controlled, under REACH 
when the exposure levels of the substance are below the exposure threshold levels for both 
humans and the environment. For effects with no threshold levels, emissions and exposures 
have to  be minimised or avoided for risks to be considered to be controlled (European 
Chemicals Agency, 2009a).  
These general risk assessment approaches will be considered in the design of the mine 
orientated chemical risk framework.  Alternate methods of chemical assessment systems that 
would be appropriate for use in the mining industry were reviewed and presented in Chapter 4. 
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CHAPTER 3: AIM AND OBJECTIVES 
3.1 Aim 
The aim of this study was to assist the mining industry by developing a framework to facilitate the  
assessment of risks from chemicals in the mining operations. The scope was therefore to identify 
the substances that pose the highest risk to human health and the environment to inform 
management appropriately so that risks could be communicated and managed.  
3.2 Objectives 
Table 1: Objectives of thesis and research methods used to deliver objectives 
Objectives Research Methods 
1. To review chemical risk screening methods and 
identify relevant procedures as possible applications in 
developing a chemical risk framework.   
Literature review (chapter 4). 
2. To understand the scope of the problem and 
the requirements of the mining industry by 
collecting data through site visits.  
Photographic archives of chemical containers and 
observations  of all chemicals in use and  site by site 
exposure scenarios and exposure controls (chapter 5). 
3. Develop a hazard identification methodology 
to identify, rank and understand the hazards of 
chemicals used, in terms of human health, the 
environment and safety and communicate the 
results at a company level.  
Analyse Material Safety Data Sheets (MSDS) of the 
chemicals used  (chapter 6). 
4. Develop an exposure assessment 
methodology to assess the chemicals, taking 
into consideration the use pattern, quantity and 
exposure controls in place. 
Assimilate exposure data collected on site (chapter 7). 
5.  Evaluate the potential impact of uncertain, 
inaccurate and undisclosed information on 
determining the overall risks of the chemicals.  
Analyse MSDS information and define the undisclosed 
components (chapter 8). 
6. To develop a work-space based chemical 
risk framework to characterise the magnitude 
of risk posed by the chemicals by considering the 
probability of the consequences occurring and by 
demonstrating the applicability of the framework 
to the mining industry,  providing the mining 
company with recommendations for preventing, 
reducing or mitigating risks. 
Calculation of risk for individual chemicals in a range of 
workspaces using hazard and exposure results 
(chapter 9). 
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3.3 Outline of Thesis 
The thesis was structured in accordance with the tasks outlined above. The following chapters 
show how elements of risk assessment are combined with chemical screening systems used in 
chemical process industries, to accommodate the range of hazards, volumes, exposure 
scenarios, undisclosed information and mixture combinations found in workspaces in mining 
operations. The development of the mine-orientated chemical risk procedure based on a 
cautionary approach, shows how the risks posed by the chemicals and the workspaces can be 
determined in a transparent and systematic manner, to focus chemical management for both 
current and future situations. The different stages developed for the procedure can also identify 
overlooked risks posed by the combination of the industry, the chemicals it uses and 
commercially available chemicals products used in gardening or cleaning for example. The link 
between the different stages of the framework are given in figure 2.  
A range of chemical screening procedures were reviewed in Chapter 4  including: algorithms 
designed to incorporate the properties of single component substances; chemical ranking 
systems that focussed on regulatory actions and large chemical inventories; and indices that 
evaluated the conditions in which chemicals were used. The most appropriate features for the 
mining industry were identified to design a risk based procedure for the mining industry. The 
contributing authors to the journal paper that resulted from this chapter are as follows: Khareen 
Singh, Christian Ihlenfeld, Christopher Oates, Jane Plant and Nikolaos Voulvoulis.  
In Chapter 5, data was collected from visits to 3 mining operations and a scoping survey 
revealed that they used a wide range of different chemicals from specialist flotation reagents and 
analytical chemicals to commercially available cleaning products and pesticides with hazard 
classifications ranging from known carcinogens to non-classifiable substances. The use patterns 
of these chemicals range from milligrams per month to tonnes per day; and chemical 
management standards frequently differ between operations and countries. Except for blasting 
and flotation, activities in the mining industry reflect those of other industries including water 
treatment, electrowinning, laboratory analysis, machine and vehicle maintenance, welding, 
brazing, painting, cleaning and gardening. This highlighted the range of exposure scenarios, 
mixtures of chemicals and possible disposal routes that can exist within industrial settings.   
In Chapter 6, the hazard identification stage was developed based on the methodology 
proposed in Chapter 4 and the data collected. This stage was considered in terms of i) the data 
collection ii) the selection of hazardous property categories iii) scoring hazardous properties and 
iv) the results of the combined method.  
Chapter 7 examines the exposure to the chemicals in relation to their use pattern, the quantity 
used and the exposure controls that are in place. The method  is considered in terms of i) the 
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data collection; ii) the selection of exposure categories; iii) scoring approach; iv) mine specific 
workspace exposures; and v) the results of the applied method.   
The potential impact of uncertain, inaccurate and undisclosed information on determining the 
overall risks of the chemicals was then evaluated in Chapter 8. The contributing authors to the 
journal paper that resulted from this chapter are as follows: Khareen Singh, Christopher Oates, 
Jane Plant and Nikolaos Voulvoulis. 
In Chapter 9, the hazard and exposure assessments are integrated and a proposed framework 
of numerical ranking and evaluation of individual chemicals and workspaces was defined. The 
discussion in this chapter also evaluates the extent to which the chemical risk procedure 
developed fulfils the needs of the mining industry. The advantageous features of the procedure 
and the limitations are highlighted as well as its applicability to other sectors. 
Finally, Chapter 10 contains the conclusions of the overall study and lists suggestions for further 
work. 
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Figure 2: Structure of Chemical Risk Framework for the mining industry  
3.4 Novelty, Originality and Contribution to Science 
The contribution of this research to existing knowledge is in the form of a workspace-based 
chemical risk screening procedure specific for the mining industry with the potential of being 
applied to other industries. A chemical inventory consisting of reagents specific to mining 
activities as well as commercially available products was assembled through onsite data 
collections of chemical identities, hazard information and observations of exposure controls and 
use patterns. This information that was collected across a range of mining operations was used 
to tailor existing risk procedures to accommodate the chemical management requirements of the 
mining industry.  
 
19 
 
Hazard Identification 
This stage was designed to accommodate extremes in chemical properties and inventories, by 
applying a consistent hazard identification method to single and multi-component substances. It 
is standardised for multinational companies by incorporating chemical regulations in the form of 
GHS categories and cross-checking ingredients against international regulatory priority lists.  
Exposure Assessment 
The onsite exposure observations were used to tailor the exposure categories for the mining 
environment and activities. This information was also used to design the conditions of typical 
workspaces, considering the physicochemical properties of typical combinations of chemicals. 
This approach creates a generic exposure model that can be applied to all mining operations. 
Undisclosed Chemicals  
The risk framework accommodates and assesses undisclosed information. The analysis of this 
uncertainty provides a guide to other industries to evaluate the significance of undisclosed 
information on chemicals used in their operations and outlines the hindrances to adequately 
protecting workers from the uncertain hazards. The uncertainties of undisclosed information are 
incorporated in each stage of assessments and chemical management procedures.  
Risk Characterisation  
An approach is developed for both current practices in industry and planned future activities. 
Assigning an index ratio to workspaces based on both its typical and high risk chemicals and the 
conditions in which they are used informs management of the adequacy of the exposure controls. 
This appeals both to the existing situation and ensures that adequate protection is available for 
the introduction of new chemicals. The index for particular workspaces provides a systematic 
procedure for reproducibility.  
Chemical Management 
The management decisions of this framework are driven by the chemical essentiality to the 
mining operations, the availability of substitutes and the economic viabilities of the exposure 
reduction methods. The procedure is simple and transparent with concepts that can be 
transferred to other sectors of industry that use a similar range of chemicals, and therefore the 
results of the types of chemicals and workspaces with the most severe hazards, overall risks and 
chemical management procedures can be of great value for informing other industries of the 
areas that might require urgent attention.  
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(Chapter 8 in thesis). 
In Preparation 
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in the Future  (in preparation) 
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CHAPTER 4: DEVELOPING A SCREENING METHOD FOR THE 
EVALUATION OF ENVIRONMENTAL AND HUMAN HEALTH 
RISKS OF SYNTHETIC CHEMICALS IN THE MINING INDUSTRY 
 
4.1 Introduction 
Chemicals used in industry and even our daily lives can be hazardous, with properties 
such as carcinogenicity, mutagenicity, toxicity, corrosiveness, explosiveness, ﬂammability, 
as well as being dangerous to the aquatic environment. Moreover, endocrine disrupting 
chemicals such as alkyphenol ethoxylates are found in many industrial and household 
products, with the possibility of widespread exposure via municipal wastewaters (Martin & 
Voulvoulis, 2009). Hence there are potential hazards to human health, safety, and the 
environment. Chemical legislation is being tightened with the requirement of the chemical 
substances used in industry, with ﬁnancial and legal implications, and calls for the 
assessment of the chemical substances used in all industries to ensure compliance with 
legislation.   
The extent of the risk of chemicals used in industry is affected by their inherent hazardous 
properties and the manner and quantity, in which they are used and who is exposed to 
them. Both an instant release of a large quantity of chemicals, as well as prolonged release 
of small quantities of substances can produce harmful effects to the environment. It is 
important therefore that measures to control exposure to harmful chemicals be 
implemented and maintained and that there is a greater understanding of the toxicology, 
physicochemical properties, interactions in the environment as well as the exposure 
thresholds of new and existing chemicals. Although human beings, animals and the 
environment have sophisticated physiological methods of eliminating harmful substances, 
it cannot be assumed that they can cope with the vast amount of synthetic chemicals 
introduced in recent times (Royal Commission on Environmental Pollution, 2003).  
The new European legislation — REACH (Registration, Evaluation, Authorisation and 
Restriction of Chemical substances Regulation (EC) No. 1907/2006) came into force on 
June 1, 2007. It aims to continue to improve the protection of human health and the 
environment from the risk of chemicals, whilst enhancing the competitiveness of 
industries  (Environment Directorate General, European Commission, 2007). All industries 
in the European Union that use chemicals are subject to the REACH legislation, which 
calls for the registration of the commercial use of all chemicals hazardous to human health 
and the environment. The REACH regulation shifts the burden of ensuring the safety of 
substances from the local authority to industry. Mining industries are usually multi-national, 
and although REACH does not apply outside Europe, a uniform system of assessment 
throughout all relevant operations helps compliance with health and safety standards, and 
22 
 
with ﬁnancial management and productivity. A chemical screening system used by the 
mining industry must meet the basic requirements of the relevant legislation, and 
awareness of international chemical legislation is beneﬁcial for global operations. 
Historically, the mining industry has been associated with mainly physical hazards, such as 
ﬁres, explosions and structural collapses, respiratory diseases from mineral dusts and acid 
mine drainage (Hartman & Mutmansky, 2002). It is easy therefore for the risks posed by 
synthetic chemicals to be overlooked, especially as they are not speciﬁcally referred in the 
laws governing the protection of workers in the mining industry. Legislation about mining 
activity is focussed on preventing environmental damage and reducing fatalities and injuries 
to mine workers. Some of the laws include, the Mine Health and Safety Act 29 1996 for 
South Africa, the Federal Coal Mine Health and Safety Act of 1969 (United States of 
America), the Management and Administration of Safety and Health at Mines Regulations 
1993 (United Kingdom), and the Mines Miscellaneous Health and Safety Provisions 
Regulations 1995 (United Kingdom). Mining law mainly documents stringent procedures to 
ensure safety generally, but do not cover synthetic chemical usage. There is nevertheless, 
the International Council on Mining and Metals (ICCM)'s Good Practice Guidance on 
Health Impact Assessment document in 2010 that considers chemical exposure (The 
International Council on Mining and Metals, 2010) . 
Several types of industry that use chemicals, such as agriculture, cleaning, engineering, 
hairdressing, printing, welding, and woodworking are required to comply with the Control  
of Substances Hazardous to Health (COSHH) Regulations (INDG 136 Rev4) and are 
currently working towards recognising and controlling any hazards and exposure to the 
chemicals they use. 
There are many uses of chemicals in the mining industry: including the ﬂotation reagents 
that separate metals and minerals from their ores; extractants; leaching chemicals; 
digestion chemicals; the oils, greases and lubricants that maintain the functioning of the 
machinery; the laboratory chemicals used for analyses; the explosives used in blasting and 
the agricultural and gardening and cleaning products used for general maintenance of sites. 
A screening process that incorporates hazard identiﬁcation of all of the individual 
components in a product's formulation is important, because classiﬁcation of the ﬁnal 
product may not reﬂect the properties of individual ingredients. Although the quantities 
within the substances may be negligible being aware of, and communicating the hazardous 
properties of any components is important. This includes cases where components in a 
formulation are on priority lists and their use may be restricted or banned. For example 
components in products found commonly on industrial and mine sites and in products 
commonly used on industrial sites, and associated legislation, is summarised in Table 2. 
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Table 2 Examples of components on priority lists, found in products used commonly on mine 
sites  
Product  Purpose of Use Hazard Legislation 
Gramoxone  (Paraquat) Herbicide Highly Toxic -  fails to 
satisfy the 
requirement of 
protection of 
human health, 
Banned in Europe 
since 2007 for not 
meeting health 
standards 
(2003/112/EC) ((The 
Commission Of The 
European 
Communities, 2003) 
SC 2000 Cement 
(Trichloroethylene) 
Adhesive Probably carcinogenic 
to humans (Group 2A 
carcinogen) 
(International Agency 
for Research on 
Cancer, 1995). 
Present on European 
Chemical Agency’s 
list of Current 
Intentions for 
Proposals for 
Substances of Very 
High Concern 
(European Chemicals 
Agency, 2010) 
Dupont Freon 22 Refrigerant Dangerous to the 
ozone layer 
Since January 1, 
2010, it is illegal to 
import, produce or sell 
Freon-22 in the USA, 
for use in new 
equipment or pre-
charged in new 
equipment, under the 
Montreal Protocol 
(Ozone Secretariat 
United Nations 
Environment 
Programme, 2000) 
Rattex (active ingredient, 
Difethialone) 
Rat Poison Toxic to birds and fish 
(Lechevin and Poche, 
1988). 
This will also come 
under review for 
Current Intentions for 
harmonised 
Classification and 
Labelling. 
The US 
Environmental 
Protection 
Agency( US EPA) 
calls for this ingredient 
to be restricted in 
consumer products 
(United States 
Environmental 
Protection Agency, 
2008) 
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Chemicals are used by the mining industry to ensure production certainty. Of all the 
activities that use chemicals on mine sites, one of the most important is ﬂotation for 
separating metals and minerals from their ores, and without it, the metal mining industry 
would not exist. 
A chemical screening system for the mining industry requires a systematic approach to 
identify which chemicals and ingredients in product formulations are on priority lists, or 
are likely to be in the future, as a result of their hazardous or physicochemical properties. 
Additionally, the system has to screen situations in which the chemicals are used, in 
order to determine the most high risk scenarios, so that appropriate measures can be taken 
to prevent accidents. 
As with all industries, mine sites have certain risk standards that must be complied with. 
Standards for the use of hazardous substance are being introduced so that a method of 
screening and predicting risk from the wide range of chemicals used on site is required. 
Hazardous Material Standards have been implemented as a result of fatalities and injuries 
resulting from exposure to hazardous materials on mine sites in the past, for example in 
Australia (Australian Government Department of Health and Ageing NICNAS, 1995). A new 
system of risk management is needed that can be used at mine sites globally to indicate 
where chemicals need to be eliminated, or substituted, or where risk reduction measures 
are required. The mining industry uses a wide range of chemicals (including paints and 
pesticides for general maintenance) and although not all are deemed ‘hazardous’, they all 
require assessment. 
Since many of the chemicals used at mine sites are sold commercially they might be deemed 
safe for use. On mine sites, however, they are generally used more frequently and in 
larger quantities, for a longer period of time. They are also used alongside a range of other 
household chemicals, with the potential for interactions to occur. Although workplaces are 
more regulated in terms of product use, than households, occupational exposure leaves the 
company/industry liable for compensation for any damage to human health. 
Mining operations use a large range of chemicals with a variety of hazardous properties. 
These can be screened at a company level using a single, standard chemical ranking 
system. Mining operations however, have the additional complexity of needing to account 
for varying uses of the chemicals, as well as a range of disposal routes and unknown 
mixtures of chemicals and there may be disparities in chemical housekeeping from site to 
site. Any method to prioritise the chemicals in order to ensure ﬁnancial and legal security for 
the mining industry, must address all these aspects. 
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4.2 Overview of existing chemical screening procedures 
A tailored chemical screening procedure for the mining industry should: 
 Avert production uncertainty if legislation calls for essential reagents to be banned 
or restricted in use, as well as prepare the industry for compliance with REACH and 
other relevant chemical legislations. 
 Quickly identifying possible chemical pollution without the need for expensive 
empirical testing procedures, through an evaluation of the chemicals' properties and 
usage. 
 Provide  a  standard  framework  to  efﬁciently  and  consistently address and 
incorporate the company's own hazardous material standards. 
Several chemical screening procedures with the potential for development for use by the 
mining industry are presently available. The University of Tennessee Centre for Clean 
products and Clean Technologies identiﬁed 147 different scoring and ranking systems and 
described and critically reviewed 51 of them (Davis, Swanson & Jones, 1994). Although the 
ﬁnal purposes of the procedures may differ, they all have the main aim of identifying 
hazardous chemicals and unsafe conditions that have the potential to cause harm, and 
prevent this from happening. Risk is reduced either by substituting, isolating or eliminating 
the hazardous substance, by invoking more stringent procedures to prevent the hazardous 
substances reaching the receptor, by removing the hazard from the source, or by 
quantifying the risk if risk reduction is not possible. Hence all screening processes depend 
on identifying a source–pathway–receptor linkage. 
A system is considered to provide a chemical ranking system if it meets one of the 
following criteria (Davis, Swanson & Jones, 1994): 
–  ranks or scores a list of chemicals; 
–  results  in  a  relative  ranking  or  scoring,  although  it  does  not provide 
quantitative measure(s) of risk; 
– includes  measures  of  either  toxicity  alone  or  toxicity  and exposure; or 
– is a subsystem of another ranking method, it ranks sites or issues based on an initial 
chemical-speciﬁc evaluation. 
Several different methods of screening chemicals based on identifying risk to human health 
and the environment are available depending on the overall aim. Most methods rely on 
calculating the Predicted Environmental Concentration (PEC), creating models of the 
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environment with the use of monitoring data. A hazardous chemical is not considered a risk to 
humans or the environment if it does not reach the target. 
Several indices that combine chemical hazard and extent of exposure into one numerical 
indicator to rank the risk posed by chemicals, have been developed. These include the 
Environmental Hazard Index (EHI), the Substance Fire Hazard Index (SFHI), the Inherent 
Occupational Hazard Index (IOHI), the Environment–Accident Index (EAI), the Integrated 
Inherent Safety Index (I2SI), the Process Route Healthiness Index (PRHI), the Safety 
Weighted Hazard Index (SWeHI), Dow's Fire and Explosion Index, and several others. 
Indices are used mainly to identify the most environmentally favourable process route in 
chemical manufacture, taking into account the activities/part of the process in which 
chemicals are used. Indices are reliable and simple to use, and provide a fast method of 
identifying hazards (Khan, Husain & Abbasi, 2001) although a particular method might not 
be suitable for an entire risk assessment. 
The Dow Fire and Explosion Index is the most widely used hazard index, and uses a ﬁre 
protection method with a factor to estimate the maximum probable property damage (Khan, 
Husain & Abbasi, 2001).  
Other screening methods, such as Chemical Hazard Evaluation for Management Strategies 
(CHEMS-1), the Scoring and Ranking Assessment Model (SCRAM) and the Scenario-Based 
Risk Assessment (SceBra) are used to assess chemicals in inventories, and also involve 
assessing exposure in terms of the quantities used with an estimate of the tonnages 
released. All of these assessments however, consider only single components because 
the intrinsic properties of a mixture of chemicals, such as those contained in commercial 
products cannot be accurately measured or predicted. REACH has developed the idea of 
Chemical Safety Reports (CSR) whereby the actual use of chemicals is compared with the 
guidelines set out by the manufacturer. This is useful in ensuring that exposure to a 
chemical is within legal limits, and for reducing risk as set out by REACH. This applies only 
to European Member States, however, and is unlikely to be used by mining companies 
operating outside the EU. The reports can provide a template for estimating exposure to 
products such as paints, greases and oils, which are multi-component substances, or 
formulations, as categorised by REACH (European Chemicals Agency, 2008). Pan et al. 
(2008) also developed a new approach for assessing naturally occurring inorganic 
chemicals released by the mining industry, and this can be modiﬁed to incorporate synthetic 
organic chemicals used on site. 
4.3 Method 
Chemical ranking systems were considered in the way they addressed chemical screening 
and the evaluation of exposure scenarios for use in the mining industry by ﬁrst: 
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- Specifying the criteria that would need to be fulﬁlled by a method. 
- Comparing the attributes of the different procedures against the criteria. 
- Deﬁning  which  speciﬁc  attributes  of  the  procedures  could  be combined to 
develop a single method for screening chemicals used in the mining industry. 
A summary of the chemical screening procedures considered, and the criteria selected for 
comparison are shown in Figure 3 and Figure 4. 
 
Figure 3 The chemical ranking systems, considered in terms of their fulfilment of the scoring 
procedure criteria, and data quality criteria.  
 
Figure 4 The chemical ranking systems, with exposure scenario quantification procedures 
related to their fulfilment of applicability criteria.  
 
The mining-industry-orientated criteria were deﬁned by examining the different approaches 
that the chemical ranking systems had for: i) the selection of hazardous property 
categories; ii) the method for scoring hazardous properties of the chemicals considered; iii) 
the assessment  of data quality;  iv) the  identiﬁcation of  data gaps; and v) the reduction 
in the number of chemicals that need to be screened. The chemical ranking systems were 
considered in relation to the following categories: 
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4.3.1  Hazardous property category selection 
4.3.2  Scoring hazardous properties of chemicals  
4.3.3  Assessing the quality of data available 
4.3.4 Identifying the data gaps  
4.3.5 Criteria for tiered reduction of chemicals  
 
4.3.1 Hazardous property category selection  
The ﬁrst stage of a screening process for chemicals is to select the categories to be 
assessed, which will depend on the purpose of the assessment. Most chemical screening 
procedures, have been used to assess large inventories of chemicals, such as The 
International Uniform Chemical Information database (IUCLID), the European Inventory of 
Existing Commercial Substances (EINECS) List, and the US EPA's Toxic Release Inventory 
(TRI). These have been compiled on a national and international scale to identify the 
chemicals that pose the greatest risk to humans and the environment. In many of the 
screening procedures, such as REACH, the Advisory Committee on Hazardous Substances 
(ACHS), DYNAMEC, Scoring and Ranking Assessment Model (SCRAM), Chemical Hazard 
Evaluation for  Management  Strategies (CHEMS-1), and others, the main categories used 
have been the hazardous properties of Persistence, Bioaccumulation and Toxicity (PBT) of 
substances. The latter frequently includes carcinogenic, mutagenic and reprotoxic 
properties. The quantity of each chemical in inventories (or from other sources) has also 
been used to screen chemicals to measure the potential exposure to humans and the 
environment. 
Chemicals have also been assessed for their potential risk in chemical process routes, 
and accounted for in terms of an index. In these instances, a greater range of 
physicochemical properties such as water solubility, vapour pressure, boiling point, as well 
as reactivity and ﬂammability of chemicals is assessed. Categories assessed also include 
the quantity used, operational conditions for the processes, and use patterns. This is 
appropriate for selecting chemical process routes and is speciﬁc to particular industries 
and is anticipated to be appropriate to the mining industry, because a generalised method 
for an inventory is not required. The most appropriate combination of categories for 
assessing the chemicals used in the mining industry needs to be selected from the wide 
range of categories that exist. The combination of categories have to allow a detailed and 
thorough set of data to be obtained so that outcomes can be scientiﬁcally justiﬁed, but at 
the same time make use of readily available information. Examples of the range and 
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combination of categories assessed by the chemical screening systems and the indices 
developed are shown in Table 3 ([1] (Arunraj and Maiti, 2009); [2] (Swanson et al., 1997); [3] 
(Hassim and Hurme, 2010)) Table 4 ([4] (Davis et al., 1994); [5] (Hassim and Edwards, 
2006) [6] (Gentile et al., 2003)) and Figure 5 ([7] (Paralikas and Lygeros, 2005)). 
Table 3 Examples of the range and combination of categories  assessed by the chemical 
screening systems and the indices  
([1] Arunraj and Maiti, 2009 ; [2] Swanson et al, 1997; [3] Hassim and Hurme, 2009) 
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Table 4 Examples of the range and combination of categories  assessed by the chemical 
screening systems and the indices  
([4](Davis et al., 1994) ; [5] (Hassim and Edwards, 2006) [6] (Gentile et al., 2003)) 
 
 
 
Figure 5 Examples of the range and combination of categories  assessed by the chemical 
screening systems and the indices (Paralikas & Lygeros, 2005) 
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4.3.2  Scoring hazardous properties of chemicals 
The most important first step is the prioritisation of chemicals based on risk assessment. This is 
to identify their hazards and hence differentiate between the chemicals in terms of their 
properties.  Risk depends on both the hazardous properties of the chemicals, as well as their use 
pattern, which determines exposure. A substance of relatively low toxicity, however, used 
frequently can still pose a risk to human health and the environment. Hence only substances with 
minimal hazards are screened out at this stage.  
Chemical screening procedures use several different methods of scoring chemical properties, 
including the use of algorithms to assign the scores, which are discussed below:  
 
Chemical Hazard Evaluation for Management Strategies (CHEMS -1) 
This screening tool has been developed to provide a relative assessment of the risk of chemicals 
to human health and the environment. The aim is to place chemical release data in perspective 
by looking at both the toxic effects of the chemicals and any potential exposure (Swanson et al., 
1997).The CHEMS-1 method was developed initially to prioritise chemicals for assessing safer 
substitutes, for process uses and for important products. The method uses an algorithm based 
on the chemical’s intrinsic properties in terms of toxicity, persistence and potential 
bioaccumulation in the environment, and is represented as the total hazard as shown below:  
tHV = (Human Health Effects + Environmental Effects) x Exposure Factor  
Where:  
tHV = total hazard value 
Human Health Effects = aHVOR + bHVINH  + cHVCAR + dHVNC 
Environmental Effects = eHVMAM + fHVFA + gHVFC 
Exposure Factor = hHVBOD + iHVHYD + jHVBCF 
 
HVOR = Hazard value for acute oral toxicity (human) 
HVINH =Hazard value for acute inhalation toxicity (human) 
HVCAR = Hazard value for carcinogenicity (human) 
HVNC = Hazard value for chronic, non-cancer toxicity (human)  
HVMAM =Hazard value for acute oral toxicity (other mammalian) 
HVFA=Hazard value for acute toxicity to fish 
HVFC=Hazard value for chronic toxicity to fish 
HVBOD=Hazard value for biodegradation  
HVHYD=Hazard value for hydrolysis degradation 
HVBCF=Hazard value for aquatic bioconcentration 
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Several different types of quantitative data was used as input for the algorithm: quantitative data 
(LC50 and LD50) as well as semi-quantitative data (carcinogenicity), and qualitative information 
(such as yes/no for the presence of chronic effects).  
The algorithm has different weights, according to the maximum and minimum hazard values 
assigned to the different terms; these can be changed by the user, and affect the final chemical 
ranking.  
The chemicals were scored according to their different data categories. Each chemical had a 
human hazard rating, an environment hazard rating and an exposure rating.  Each category was 
made up of several different end points.  
The example of the calculation of the hazard value for oral toxicity of  Toluene and Hexachloro-1-
3-butadiene,  is taken from the literature (Swanson et al., 1997) : 
The hazard value for oral toxicity (HVor) was calculated using a continuous, linear function: 
HVor = 6.2 – 1.7 (log LD50)   (1) 
For 5 mg/kg < LD50 ≤ 5000 mg/kg 
HVor = 0 for LD50 > 5000 mg/kg; and 
HVor = 5 for LD50 ≤ 5 mg/kg 
The Oral LD50 for Toluene is 5,050, and 102 for Hexachloro-1-3-butadiene. Substituting the log 
of these numbers into (1) above gives the HVor values of 0 and 2.8 respectively, and complies 
with the 0 to 5 scale chosen. The scores are consistent with the fact that Hexachloro-1-3-
butadiene is more toxic. 
Similar equations were used to calculate the remaining human health and environmental effect. 
Each chemical was assigned a total hazard value, which differentiated between the chemicals 
selected allowing them to be screened.   
The use of calculated values, removes the subjectivity that could occur if scores were assigned 
simply on the basis of opinion.  
A degree of subjectivity is unavoidable however, in the case of qualitative chronic effects, such 
as carcinogenicity, mutagenicity and reproductive toxicity. The scores for carcinogenicity are 
usually based on the International Agency for Research on Cancer (IARC) and the US 
Environment Protection Agency (EPA) classifications. If the chemical has no classification 
assigned, it can be evaluated using computer-assisted Structure-Activity Relationship (SAR). 
When SARs are used, a hazard value of 3 or 1 is assigned depending on the molecular 
substructures (Swanson et al., 1997). For other specific human health effects, such as 
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mutagenicity and reproductive toxicity, the endpoints are evaluated qualitatively and assigned a 
score of one if the chemical is identified as being hazardous, and a zero if it is not.  
Exposure scoring:  
The CHEMS-1 method also considers exposure to chemicals based on the release data given in 
the  US EPA’s Toxics Release Inventory (TRI). The release data are given a release weighting 
factor (RWF) calculated by:  
 RWF = ln[releases (lbs)] – 10   (2) 
This natural log adjustment prevents the total hazard value being dominated by the release data, 
which would happen if the latter were simply multiplied by the total hazard value.  
In order to calculate the release-weighted hazard value, the RWFs are combined with the 
appropriate terms for human health and the environment. The method is unique in the way in 
which it puts the release  data into perspective, by combining it with the scores for human and 
environmental effects. For example, releases via air pathways are paired with inhalation 
exposure routes, and water releases are paired with oral exposure and exposure to aquatic 
organisms (Swanson et al., 1997). This also highlights the effects that releases may have on the 
persistence and bioaccumulation of the chemicals in the environment, and their potential impacts 
on human health.  
The combination of scores from the release and exposure data gives the final score transparency 
and indicates the significance of risk clearly.  
EU Risk Ranking method (EURAM) 
EURAM was developed as the priority step in the evaluation of chemicals listed in the European 
Inventory of Existing Commercial Substances (EINECS). It was developed to rank lists of 
substances for priority setting amongst High Production Volume Chemicals (HPVC) that are on 
the International Uniform Chemical Information database (IUCLID) (Hansen et al., 1999). 
EURAM calculates two scores, one for human health and one for environment.  
The environmental score for each environmental compartment (ES) is a product of the 
environmental exposure score (EEXi)and the environmental effect score (EEFi) as shown in  
 
Figure 6: 
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Figure 6  Derivation of Environmental score (ES) 
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As in the case of the environmental score, the human health (HS) score is the product of the 
exposure score (HEX) and the effect score (HEF): 
HS = HEX x HEF (7) 
The human health exposure (HEXV) value contains two factors: emissions (comparable to 
environmental exposure) and distribution.  
The distribution is calculated by considering the physicochemical properties of the chemical 
including  its boiling point, vapour pressure and Log Kow, and is expressed in the following 
formula as the fraction of the substance emitted.  
 HEXV = Emission x DistributionHH 
 (8) 
The log for the value is used to normalise the score.  The score for the Human Health Effect is 
obtained by scoring the R-phrases on a scale from 0 to 10, and is driven by the concern that 
each endpoint has in relation to risk-reduction measures. 
 
The Scoring and Ranking Assessment Model (SCRAM ) 
SCRAM was developed as an analytical tool to score and rank contaminants in the Great Lakes 
of North America, and risk-screening provides relative risk rankings of chemicals as a first step in 
screening (Mitchell et al., 2002) . The chemicals scored and ranked using the SCRAM system 
have 3 final scores: the chemical score; the uncertainty score and a composite score that is the 
sum of the chemical score and the uncertainty score.  The categories scored   are: 
Bioaccumulation, Persistence and either acute or chronic toxicity and have one of the two 
following formulas:  
 
(Bioaccumulation x Persistence) (1.5) + Acute aquatic toxicity + acute terrestrial toxicity  (9a) 
Or  
(Bioaccumulation x Persistence) (1.5) + chronic aquatic toxicity + chronic terrestrial toxicity + 
chronic human toxicity  (9b) 
The chance of equation (9a) or (9b)  depends  on the  persistence score of the chemicals. 
Chemicals that persist for more than 50 days are assessed using  formula 9b which contains 
chronic terms. Both equations have a weighting factor of 1.5  for  the bioaccumulation and 
persistence factor to emphasise the importance of this term to the overall score.  
In terms of the chemical score, all hazard data are grouped into ranges of values and scored on 
a  1 to 5 scale, with ‘5’ corresponding to the chemicals of greatest concern.  
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For example, the Bioconcentration factor (BCF), Bioaccumulation Factor (BAF) and octanol-
water partition coefficient (Kow) are scored as in Table 5 (Snyder et al., 2000): 
Table 5 Example of scores Bioconcentration factor (BCF), Bioaccumulation Factor (BAF) and 
octanol-water partition coefficient (Kow) in the The Scoring and Ranking Assessment Model 
(SCRAM ) 
 
 
 
 
 
 
This scoring system in contrast to methods such as CHEMS-1, does not rely on algorithms to 
calculate the scores for the individual data points and although there is more subjectivity, the 
scoring is simpler and more consistent, in that the same scale is used for all endpoints.   
The scores for bioaccumulation and toxicity are based on a number of sub-categories. For 
example, acute terrestrial toxicity considers the endpoints for plants, mammals, reptiles, birds 
and invertebrates. The endpoints are divided into ranges and a score determined for each 
subcategory. Then the single greatest score amongst the subcategories is chosen to represent 
the overall chemical score for acute toxicity  (Snyder et al., 2000). 
By evaluating a range of subcategories,  the most sensitive biological species for each chemical 
can be selected. 
The uncertainty scores which depend on the reliability of the data are calculated using a similar 
formula to that used for the chemical scores.  
The Process Route Healthiness Index (PRHI) 
The Process Route Healthiness Index (PRHI) was developed to quantify potential health hazards  
from chemical processes (Hassim and Edwards, 2006), due to chemical releases in the routes 
used by chemical manufacturers.   
 
The PRHI is influenced by two factors: i) The chemical substance present and ii) the amount of 
chemical released. It uses the National Fire and Protection Agency (NFPA) ranking for health, to 
indicate the health hazard.  Potential exposure is evaluated by identifying work activities and 
conditions that could lead to a chemical release (Hassim & Edwards, 2006).  This method is for 
       BCF, BAF, Kow                                         Score
>1000,000 
>10,000 to 1000,000 
>1,000 to 10,000 
>100 to 1,000 
≤100 
      5 
      4 
      3 
      2 
      1 
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planned chemical plants, and is a valuable template for situations where only limited information 
is available.  
The index assigns a penalty according to the health hazards taken from the NFPA ranking, for 
the operational conditions likely to have the highest probability of causing adverse effects. The 
different terms of the index are multiplied together, and a final score for a particular process route 
is calculated.  Hence this method is best for comparison of different process routes because it 
considers potential workplace concentrations, as well as the intrinsic hazards of the chemicals 
used in particular process conditions.  The formula for the Index is given in equation (10): 
PRHI = ICPHI x MHI x HHI x (WECmax/OELmin)  (10) 
(Where ICPHI is Inherent Chemical and Process Hazard Index ; MHI is Material Hazard Index ; 
HHI is Health Hazard Index; WEC is Workplace Exposure Concentration; OEL is Occupational 
Exposure Limit).  
This index is used to identify the least risky chemical process route,  and offers a useful method 
of scoring individual chemicals, especially the Health Hazard Index term, which uses the values 
awarded to the health effects of exposures to chemicals, documented in The Occupational 
Safety and Health Administration (OSHA) Health Code and Health Effects  (Hassim and Edwards, 
2006). Penalties are awarded  in relation to the severity of the health , and values are modified, 
so that the highest values correspond to the most serious situation. The highest penalty points 
are given for chronic effects, such as cancer (Hassim and Edwards, 2006).  The data assessed 
are quantitative, but the penalties are not dependant on the exact value of individual endpoints. 
The health effects are based on the occupational hazards.  
The value of this approach is that an approved system of ranking health effects is incorporated 
into the index, reducing subjectivity. The Material Hazard Index (MHI), shown in equation (10) 
also uses a scoring system from a reliable source – The National Fire Protection Agency (NFPA). 
Chemicals are scored from 1 to 4 depending on their reactivity, flammability and ability to cause 
health hazards. Although the MHI is calculated by summing all the NFPA values for all the 
chemicals in the process route it can also be applied to individual chemicals. COSHH Essentials 
also uses the scores from established and approved systems, in this case the hazard 
classification risk phrases developed by the EU (67/548/EEC) (The Commission of the European 
Communities, 1967). 
The PRHI also considers the exposure to each chemical in each route. In this case, Hassim and 
Edwards define exposure as ‘the amount of chemical that might be released due to pipe leakage’, 
and the potential exposure is evaluated by identifying work activities and conditions that might 
lead to the release of chemicals with the potential to cause harm to health (Hassim and Edwards, 
2006). The ICPHI term and the WEC/OEL ratio are used directly to quantify exposure. Penalty 
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points are awarded to activities and working conditions, depending on the probability of a 
chemical release that could cause harm similar to the health effects in the HHI. An example of 
the penalties awarded to process activities is shown in Table 6 (Hassim and Edwards, 2006)). 
Table 6 Example of penalties awarded to process activities 
Activity Operation Penalty 
Transport 
 
 
 
 
Mode of process 
 
 
 
Maintenance works 
Pipe  
Bag 
Drum 
Vibration 
  
Continuous  
Semi-continuous/Semi-batch 
Batch 
 
Yes 
No 
1 
2 
3 
4 
 
1 
2 
3 
 
1 
0 
 
 
In terms of transport, the larger the vessel used for transporting the chemical, the higher the 
penalty point awarded. Hence a standard 20kg drum of a chemical, hold a larger quantity than a 
pipe with the same chemical, at a given time, and is assigned a higher penalty point. In terms of 
process conditions and material properties, higher temperatures, pressures and viscosities are 
awarded higher penalty points than lower values, as the higher values. 
This method scores the conditions and activities relative to each other, and is specific to each 
process route. This is necessary since the information is specific to a plant and a process, 
although it is more subjective than the other scoring methods discussed.  The subjectivity helps 
to develop a comparative ranking process to identify the least hazardous route for chemical 
manufacture. Hence   this approach is suitable for scoring exposure scenarios in industries, 
including the mining industry.  
 
The Inherent Occupational Health Index (IOHI)  
In 2009, Hassim and Hurme, developed a new index that assesses  inherent occupational 
hazards during the process and development stage of chemical processes (Hassim & Hurme, 
2009). Although mine sites do not use such a large range of chemicals with the same intensity as 
chemical industries, chemical related occupational hazards still exist at mine sites, and similar 
concepts apply. The IOHI provides a tool that can be used by chemical industries to select 
process routes that are based on the health hazard level. The method is also practical in terms of 
the availability of data. The index is determined by accounting for the potential for harm and the 
potential for exposure and is calculated as follows:   
IIOHI  = IPPH + IHH   (11) 
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Where IPPH is the term for physical and process hazards, and IHH is the term for health hazards. 
The IPPH describes the potential exposure sources of chemicals for workers and considers the 
physical properties of the materials and the operational conditions (Hassim and Hurme, 2009) 
and is calculated by adding the sub-indices shown in equation (12) : 
IPPH = IPM + IP + IT + max (IMS) +max (IV) + max (IC)  (12) 
Where: IPM = mode of process; IMS = material phase; IV = volatility; IP = pressure ; IC = 
corrosiveness (based on construction material) ; IT = temperature 
The Health Hazard Index (IHH) is as follows: 
IHH = max(IEL) + max (IR) 
Where IEL  = exposure limit ; IR = R-phrases 
The sub-indices in both the IPPH and the IHH penalty values depend on the severity and probability 
of exposure. For example the temperatures in the IPPH term are arranged into 3 ranges based on 
the probability of first, second and three degree burns, with a temperature over 200 ⁰C being 
awarded 3 points (Hassim and Hurme, 2009). Similar penalty points are awarded to the sub-
indices of the health hazard index (IHH) .  The exposure limits are scored from 0 to 4, depending 
on concentration levels, and the R-phrases relating to chronic  toxicity, are awarded penalty 
points from 0 to 5. This gives a higher weighting to chronic effects, because they are considered 
to pose the greatest health hazard risk to workers in industry (Hassim and Hurme, 2009). 
Assessing the health hazards in terms of the associated R-phrases is particularly useful, 
because the R-phrases are on the material safety data sheets (MSDS).  
 
The Environmental Hazard Index (EHI)  
The Environmental Hazard Index (EHI) ranks chemical process routes by the estimated 
environmental impact of a total release of a chemical inventory. It is a function of the 
environmental effects of the chemical and the estimated inventory in a plant, that if built, would 
use a particular  route for manufacture  (Cave & Edwards, 1997).The EHI (equation 13)  is 
calculated by using the following index: 
EHI =Σ Qi x SEHIi   (13) 
i = 1 to n 
SEHI is the Specific Environmental Hazard Index 
The SEHI is calculated with reference to one tonne of the chemical and is the sum of the Specific 
Water Hazard Index (SWHI) and the Specific Terrestrial Hazard Index (STHI): 
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SEHIi = SWHIi + STHIi 
Both the SWHI and The STHI are based on toxicity, the duration of exposure and the chemical 
distribution (Cave and Edwards, 1997). 
The SWHI is calculated by: 
SWHI = (PECwi x 106)/LC50 i 
The predicted environmental concentration represents the chemical distribution, calculated using 
Mackay’s Fugacity Model and gives the equilibrium concentration of a chemical in the different 
environmental compartments (Cave and Edwards, 1997).  The LC50 is used to represent the 
chemical’s toxicity, and is calculated with reference to the aquatic organism affected by the 
lowest toxicity value (Cave and Edwards, 1997). The acute toxicity value is used because it is 
more relevant than chronic toxicity for a one-off exposure, and acute toxicity values are more 
widely available and easier to estimate.  
STHIi = d  [(TDIwx PECwi) + (TDIfx PECsi)]  x 10
9    (14) 
  LD50 xi Wt x 
The STHI (equation 14)  is calculated for every terrestrial species for which the LD50 is available.  
d is the time period in days; TDI is the Daily Food (and Fluid) intake of species x ; Wt is the 
weight of species x.  
There are no penalties for unavailable data and no priority weightings for different sources of 
data. Moreover, there is no quantitative term for chronic effects. 
 
Safety Weighted Hazard Index (SWeHI) 
The Safety Weighted Hazard Index (SWeHI) is used to rank various hazards in the chemical 
process industry, as well as to indicate safety measures needed to minimise them (Khan et al., 
2001). SWeHI is calculated as (equation 15): 
 
SWeHI = B/A.  (15) 
where B is the quantitative measure of the damage that could be caused by a unit/plant. 
A is the credits due to control measures and safety arrangements made to counter any 
undesirable situations (Khan et al., 2001). 
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An outline of the method for calculating  SWeHI is shown in Figure 7 (Khan et al., 2001): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 Method of calculating B1, B2, A and SWeHI  (Khan et al., 2001) 
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The B term has two components : B1 considers damage from fire and explosions and B2 
considers damage from  release and dispersion of toxic substances. 
B1 is quantified as follows (Khan et al., 2001): 
Classification of the various units in industry into five categories  
Evaluation of energy factors 
Assignment of penalties  
Estimation of B1.  
 
B1 is calculated as follows:  
B1 = 4.67 (Hazard Potential)1/3 
The Hazard Potential  = (F1 × pn1 + F ×pn2) × pn3 × pn4 ×pn5 ×pn6 ×pn7 ×pn8. 
Where F is the energy factor and  pn is the penalty.  
The penalty estimated for the quantity of chemical transported through a pipeline is an example 
of an objective and reproducible approach to scoring (equation 14): 
pn3 = 1.0 + Quantity transported (Kg min-1) 
                                  1000   (14) 
The penalty awarded to the physical state of a chemical during transportation  is estimated as:   
 
 
 
 
 
These are qualitative classifications that depend on the physical states of the substances 
transported. Liquefied gas is awarded the highest penalty, because it is stored in a highly 
pressurised container, equivalent to its individual vapour pressure because any pressure release 
could cause a  a more wide spread catastrophe than an accident with solid particles.  
Gaseous:  pn5 = 1.45 
Liquefied gas:  pn5 = 1.65 
Liquid :  pn5 = 1.25 
Solid Particles :   pn5  = 1.20 
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The B2 parameter looks at the toxic hazard, and the associated penalty for the toxicity of the 
chemical is assessed using the NFPA-49 health factor (NH) as:  
pnr4 = Maximum (1, 0.6 × NH)  ; Where NH represents the NFPA ranking for health hazards. 
In this case, the value for the penalty depends on the approved NFPA classification.  
Parameter A is a safety measure to counter the risk potential in industry, and is divided into two 
different groups (Khan et al., 2001) : 
Measures to control the damage potential of individual units. 
Measures to reduce the frequency of occurrences of damaging events.  
Factor A awards credits to the safety measures and is quantified as: 
A = 0.15 × (1+cr1) × (1+ cr2) ×(1+cr3) × (1+cr3) × (1+cr4) × (1+cr5) × (1+cr6) × (1+cr7) ×(1+cr8) 
Examples of the assignments of credits is shown below in Table 7 and Table 8 (Khan et al., 
2001): 
Table 7 The assignment of credit factors for emergency control measures   
Emergency control measure Credit factor (cr6) 
Shut down measures, cr61 
  
Interlocks, cr62    
Showers, cr63    
Safety vents,cr64  
   
Total Credit, cr6  
  
0.75 
0.45 
0.25 
0.20 
 
cr61 + cr62 + cr63+cr64 
 
 
Table 8 - assignment of credit factors for  human process/operation interface  
Human-process/operation interface  
 
 
Human-process/operation interaction 
     
Credits (cr7a) 
 
Process operation is highly automated and 
thus  
very low human-process interaction,           
Process operation is moderate, partially 
automated, requires human interaction 
often, Process operation is manual, 
requires 100% human interaction   
           
 
0.9 
 
0.5 
 
0.1 
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In the case of the emergency control measures, the greater the ability of the emergency 
equipment to reduce the occurrence of an accident, the greater the credit factor awarded. 
Therefore the implementation of shut down measures has a greater credit factor than safety 
vents.  Similarly, with human-process interactions, accidents resulting from human error are 
taken account of, so that processes that require 100% human interaction are awarded a credit 
factor of only 0.1 compared to  processes that are highly automated, which have a credit factor of 
0.9 (Khan et al., 2001). 
The assignment of such credits are based on opinion, because the data used are qualitative, but 
they are based on thermodynamics (Khan et al., 2001). 
Scoring undesirable situations with penalties and control measures with credit on the same scale, 
reduces subjectivity and helps difficult decision-making.   
The different units in an industry are evaluated by comparing the ratio of penalties to the credits 
so that the most unsafe situations can be identified and corrected. This approach is practical  and 
considered to be applicable in the mining industry, because the method can be applied to 
exposure scenarios.    
 
Chemical screening using fuzzy logic methods  
Several health and environmental indices including the Environmental Consequence Index 
(Arunraj and Maiti, 2009), the Substance Fire Hazard Index and the Consequence Index 
(Paralikas and Lygeros, 2005),  the Inherent Safety Index (Gentile et al., 2003) and several 
others incorporate fuzzy logic. Fuzzy logic can deal with uncertainty and imprecision and is an 
active tool for problems where no sharp boundaries can be drawn (Gentile et al., 2003). Fuzzy 
logic allows a gradual transition between extremes, and provides more transparent results and a 
flexible method.   
 
Environmental Consequence Index  (ECI) 
The Environmental Consequence Index  (ECI) was developed to estimate the environmental 
consequences of release of  hazardous substances used in the chemical industry. The index 
incorporates environmental consequence factors such as material hazard factors, dispersion 
factors, environmental effects and their uncertainty, which  is lacking in the environmental indices 
discussed previously (Arunraj and Maiti, 2009). Fuzzy composite programming is used in this 
method to deal with the uncertainty in estimation. The equation for the ECI is shown as follows 
(equation 15): 
 
ECI = ΣDECF j  (15) 
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Where DECF is the defuzzified  Environmental Consequence Factor (ECF), which has the 
following formula 
 
 
 
wij = the weights for property of substance 
mij = membership value for property of substance 
 
Both the weight and the membership value are determined using fuzzy logic. The ECF comprises 
of a range of subcategories within the main consequence factors. For example, the Material 
Hazard Factor includes flammability, reactivity and explosiveness, and the environmental effect 
includes bioaccumulation, irritation, toxic effects in soil and water, and toxic effects on air.  
The subcategories within consequence factors are assigned numerical scores sourced from a 
range of literature.  
The examples in (tables 9-11) (Arunraj & Maiti, 2009) show that the numerical scores do not 
have a fixed scale because they were obtained from a range of sources, so that the magnitude of 
the scales also varies. Numerical scores are assigned for both quantitative data, as well as 
subjective qualitative data.  
 
Table 9 Examples of Reactivity Scoring                          Table 10 Examples of Water Solubility 
Scoring 
Nature of 
Reaction  
Numerical Score  Water Solubility 
(wt.%) 
Numerical Score  
Stable 
Mild 
Significant 
Vigorous 
Explosive 
0 
1 
2 
3 
4 
 >90% 
25-90 
5-25 
1-5 
<1 
5 
4 
3 
2 
1 
 
 
 
ECFj =  Σwij x mij 
ⁿ 
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Table 11  Example of Bioaccumulation Scoring 
 
 
 
 
Where quantitative data is not available are used, numerical scores are used in the cases 
of qualitative data. The membership degree of the input value for each of the subfactors for 
any chemical substance is estimated by a normalisation process, using the best and worst 
factors, in a piecewise linear function (Arunraj and Maiti, 2009). The resulting membership 
function is then expressed  in  a  matrix and weights are assigned to the ECFs where they 
are summed. The membership function is a graphical representation of the participa- tion 
of each of the input values, and associates a weighting with each of the inputs, as well as  
deﬁning  the  functional  overlap  between the values, in order to determine a ﬁnal output 
(Encoder - The Newsletter of the Seattle Robotics Society, 2006). The membership degree 
is therefore the height of the function, and is projected along the vertical axis of the 
function (usually between 0 and 1). 
The Substance Fire Hazard Index (SFHI) and the Consequence Index (CI) also incorporate 
fuzzy logic (Paralikas and Lygeros, 2005). The SFHI was developed as a tool for the 
relative ranking and comparative assessment of hazardous substances, according to their 
ﬁre hazard properties, where the CI was developed to rank industrial facilities that use 
hazardous substances, according to the magnitude of any possible consequences (Paralikas 
and Lygeros, 2005). The method involves determining the parameters to be considered 
in the calculations, before organising them in a hierarchical manner, employing an 
Analytical Hierarchy Process (AHP). Weights are then added through the use of pair-wise 
comparisons, by comparing the parameters in terms of their importance. Penalty factors 
are assigned to each of the parameters and combined with the weightings. 
The assignment of the penalties is based on fuzzy logic as well as on the Analytical 
Hierarchy Process (AHP). 
Fuzzy logic deals with uncertainty, in situations that are not clearly deﬁned and is therefore a 
way of scientiﬁcally justifying probability in terms of the exposure scenarios developed. 
 
Accumulation Level Numerical Score 
Low 
Moderate 
High 
<250 
250-1000 
>1000 
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4.3.3 Assessing the data quality  
All data have some level of uncertainty and error. It is important to quantify this in order to 
evaluate the reliability of the ﬁnal outcome. Also, the data available for chemical hazard 
assessment is limited, so that screening systems must be able to produce results in the 
absence of full data sets. The range of techniques available to evaluate uncertainty is 
discussed, along with the procedures employed to account for missing data. Methods 
include predicting the missing data, selecting data from a list of priority sources and 
assigning default values to the missing data points. 
 
The Scoring and Ranking Assessment Model (SCRAM ) 
SCRAM was discussed previously as a method of ranking chemical contaminants in the Great 
Lakes; its defining feature is that it evaluates uncertainty  (Mitchell et al., 2002).  It prevents a 
chemical from being assigned a low score because there is limited information about its 
hazardous properties, and instead awards penalty points for lack of data. The uncertainty scores 
are not only added if there are no data available for a specific endpoint, and also depend on data 
quality. For example, measured data are preferred over calculated data. Hence the 
Bioaccumulation factors (BAF) and Bioconcentration factor (BCF) are given priority over Log Kow, 
because the latter is calculated using surrogate information while the BAF is given priority over 
BCF, because it gives more information for higher trophic levels, where bioaccumulation is 
greater.  In terms of measured data, an uncertainty score of 2 is added when no data are 
available,  a score of 1 is assigned if one estimated data point is present. An uncertainty score of 
zero is awarded if more than one measured data point is available for a particular property. In the 
case of persistence and toxicity, an uncertainty point is assigned for each subcategory for which 
there was no data. For example, acute terrestrial toxicity is based on 5 subcateogories:  plants; 
mammals; reptiles; birds and invertebrates, and therefore could result in a total of 5 uncertainty 
points being awarded, if data are unavailable. This method of assigning uncertainty is highly 
sensitive, and ensures that a high quality, consistent dataset is used, and if not, then this is made 
clear.  
 
Chemical Hazard Evaluation for Management Strategies (CHEMS -1) 
The CHEMS-1 method assigns scores to individual data points using a 0 to 5 scale.  In cases 
where no data are available, the hazard values are set to zero. The sensitivity of the method is 
tested by assigning  a score for missing data as either 0 or 5 and evaluating the impact this has 
on the ranking positions of the chemicals  (Swanson et al., 1997). The ranking of the chemicals is 
evaluated by comparing the ranking position if the scores for the missing data are changed. A 
default  hazard value of zero or five (the two extremities) is assigned  to the missing data for 
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acute inhalation, acute fish and chronic fish toxicity endpoints.  CHEMS-1 applies quality control 
to data, by creating a hierarchy of data sources, from which the data can be selected. In cases 
where no experimental data are available, the predicted values are used.  Hence cases where 
chemicals’ carcinogenicity data are not available, they are evaluated by computer –assisted 
Structure Activity Relationship (SAR) (Swanson et al., 1997). Similarly, if the experimental LC50 
value is unavailable for organic chemicals, it is estimated using its Quantitative Structure-Activity-
Relationship (QSAR).  
 
Although the hierarchy of  data sources is not reflected in assigned scores, the preference for 
quantitative over qualitative data is reflected in the method. Assigning hazard values to 
qualitative effects, such as chronic effects (eg. neurotoxicity and mutagenicity) on the same scale 
as  individual quantitative endpoint values, gives more weight to the latter.    
The choice of values for the maximum and minimum cut-off values also assign the different 
weights to the algorithm, for example, the LC50 values are scored from 0 to 5, whilst the BCF 
values are scored either 1 or 2.5, indicating the greater importance of the LC50 value.  
The method is also designed so that the user can vary the weighting of each term according to 
purpose. Weights are attributed to all terms as in: 
Human Health Effects = aHVOR + bHVINH  + cHVCAR + dHVNC 
 
EU Risk Ranking method (EURAM) 
The EURAM system accounts for the uncertainty associated with data values and the lack of 
available data by penalising substances for which there are no relevant data. Default values may 
be assigned where data  are not available. For example, where aquatic data are not available, 
the minimal cut off value is used as the default value so the worst case is assumed.  Since there 
are few non-aquatic data, EURAM chooses to base the environmental ranking of substances on 
the potential risk to the aquatic environment (Hansen et al., 1999).Furthermore, before a priority 
list is produced, the results are subjected to expert judgement in order to deal with any 
uncertainty. 
 
Safety Health and Environment (SHE) Assessment 
The purpose of this assessment method is to identify the SHE problems of a chemical process 
during its development, estimate the magnitude of the problems, and analyse the problems to 
find sources and possible solutions (Koller, Fischer & Hungerbuhler, 2000).In terms of 
accounting for uncertainty, the SHE method uses a list of priority sources for data. For example, 
data that are reviewed by an expert are given a higher priority than data predicted using QSARs. 
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If data cannot be obtained from databases or estimated, an error value is assigned according to 
the worst case principle (Koller et al., 2000).  
4.3.4  Identifying the data gaps  
The problem of a lack of information about chemicals in producing a sound risk assessment 
occurs in several screening methods. Arnot et al. (2006) state that “the assessment is a 
challenging task because of the large number of chemicals used in commerce, the lack of 
information on the substances' partitioning and reactivity, and monitoring data in terms of the 
quantities that may be emitted to the environment and the use pattern” (Arnot et al., 2006). It 
is for this reason that conceptual models are used, and the Mackay Fugacity model is used in 
several model-based assessments. 
Several of the methods previously reviewed address the data gap by using Quantitative 
Structure Activity Relationship (QSAR) to estimate missing values for the LC50 or 
physicochemical properties, such as EURAM. Other methods, such as CHEMS-1, and 
SCRAM use default values, choosing the worst case scenario. 
 
4.3.5 Reducing the number of chemicals to be screened  
An essential aim of any chemical screening system is to reduce the number of chemicals 
requiring full risk assessment. Some of the methods employed used a tiered approach, 
where each subsequent level of assessment becomes more detailed, as the number of 
chemicals is reduced progressively. Other systems focus on screening the exposure 
scenarios that involve chemicals, adopt clustering techniques, and develop one broad 
scenario to cover a range  of other scenarios. 
The SceBra method is based on a set of standardised scenarios describing typical ways 
of handling a chemical or a product containing the chemical (Scheringer et al., 2002). The 
method looks at a large set of scenarios, covering the life-cycle of production, distribution 
and use of the solvents, with each one describing a situation that involves handling the 
chemical. 
This approach is adopted because it is not possible to assess all of critical situations in a 
chemical's life-cycle, especially in the case of multi-use chemicals. SceBra has attributes 
of an ideal method because it aims to cover a broad and diverse range of scenarios. 
Furthermore, instead of assessing single case-speciﬁc situations, SceBra highlights a 
particular type of solvent application in which there is a signiﬁcant risk, in order to decide  
if a more  detailed  assessment is required (Scheringer et al., 2002). Hence this approach is 
not data intensive but is efﬁcient. 
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The CHEMS-1 method uses a two tiered approach, the ﬁrst being screening which 
signiﬁcantly reduces the number of chemicals that need detailed evaluation. It relies on 
readily available information and aims to include, rather than eliminate chemicals 
potentially of concern. This is appropriate for industries which use a large number and 
range of chemicals on site. 
The RAIDAR model, developed by Arnot et al. (2006), also has a two-tiered approach, 
with the ﬁrst tier ranking the intrinsic properties: persistence, bioaccumulation, inherent 
toxicity and potential for long-range transport. 
The European chemicals legislation, REACH (EC/1907/2006) requires exposure 
scenarios to be developed that describe the conditions and risk management measures 
for the safe use of chemicals (Marquart, Northage & Money, 2007). This method uses a 
tiered approach, and also incorporates clustering. 
The ﬁrst tier discriminates based on a small number of parameters. A range of scenarios is 
covered by one broad exposure scenario, usually screening out low hazard or exposure 
proﬁles, leaving the higher risk situations to be subjected to a more speciﬁc, precise 
assessment in a second tier (Marquart et al., 2007). REACH recommends clustering 
use and exposure scenarios, rather than single situation, and sets out the following 
general approach: 
Describe the exposure determinants related to the substance, such as product, process 
technology, worker activities, the use conditions and risk management measures.  
– Cluster the situations according to similarities in exposure determinants. 
– Take into consideration that many substances that are used for the same purpose and have 
similar exposure scenarios. Therefore descriptions based on the process of use and based 
on the substances characteristics should be used (Marquart et al., 2007).  
The exposure determinants for the chemicals, that are considered are:  
– The determining characteristics of the substance such as vapour pressure and its emission.   
– The determining characteristics  for process and handling emissions, such as an open or 
closed system, or spray applications. 
– Risk reduction measures, such as ventilation. 
– The duration/frequency of exposure to the chemicals, or the quantity handled.  
The process is illustrated in Figure 8.  
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Figure 8  Major determinants of exposure (Marquart et al., 2007) 
 
COSHH Essentials  
The hazard-banding scheme developed by the UK's Health and Safety Commission's 
Advisory Committee on Toxic Substances (ACTS), classifies chemicals into 5 hazard bands 
(A–E) depending on the control of the airborne exposure concentrations, with the most 
hazardous chemicals falling into band E, and the least hazardous in band A. In addition 
there is a band S for substances that have toxicological properties which result from direct 
contact with the skin or eyes (such as corrosive or irritant substances, or skin sensitizers). 
The S-band informs users that additional considerations are necessary for chemical use 
to avoid contact to the skin or eyes (Brooke, 1998). The exposure band is deﬁned by 
combining the substance's physical properties and the amounts used. Each risk band is 
aligned with the control scheme required to prevent hazardous substances from causing 
harm to workers. The greater the potential harm, the greater the degree of control required 
(Ribeiro & Walter Filho, 2006). 
The most developed model for control banding, established by the Health and Safety 
Executive (HSE), known as ‘COSHH Essentials’ uses four main control techniques: general 
ventilation; engineering controls; containment; and special (expert interception). This 
scheme indicates the toxicological hazard of the chemicals in terms of the risk- phrases, and 
the speciﬁc control requirements, but it is not a screening system. The MSDS supplied with 
the chemicals used in the mining industry may classify the hazards using the EU 
classiﬁcation system as set out in Annex VI of the Dangerous Substance Directive 
(67/548/EEC) (The Commission of the European Communities, 1967) but decisions still 
have to be made in terms of whether the level of hazard is acceptable for the intended 
purpose. This will depend on the exposure controls in place, whether the chemical is a 
cause for concern and whether it can be substituted by a less hazardous chemical. The 
method is appropriate for small and medium businesses, because it provides advice on 
strategies to control exposure to hazardous substances in the workplace, without the 
need for expertise in occupational exposure and hazard assessment (Brooke, 1998). It is 
therefore a suitable approach for small industries, although it focuses on occupational 
52 
 
protection, but does not account for the life-cycle of the product on site. A summary of the 
advantages and disadvantages of the methods reviewed is shown in Table 12 Summary of 
the advantages and disadvantages of the methods reviewed 
Table 12 Summary of the advantages and disadvantages of the methods reviewed 
 
4.4 Appropriateness to the Mining Industry 
The optimum combination of chemical screening methods to prioritise the risk from 
hazardous chemicals is needed for use in the mining industry, which uses a large range of 
different chemicals, so that a screening method is more appropriate than full risk 
assessment. Screening methods were reviewed in relation to the different stages of a 
classical risk assessment procedure. 
The principal chemical concerns of the mining industry are: 
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– The large range of different chemicals (single and multi-components chemicals, mixtures 
and degradation products) used 
– The large range of volumes of chemicals used 
– The highly variable exposure scenarios (uses, hazards, disposal routes) 
– Disparities in chemical housekeeping 
 
The criteria established, are summarised in Figure 9 below: 
 
 
 
Figure 9 Summary of criteria, and structural approach to determine the appropriateness of the 
chemical screening procedures for use in  the mining industry. 
In selecting a combination of methods for risk assessment for chemicals used by the 
mining industry, the following are important considerations. 
Scoring is a fast and efﬁcient way of ranking hazardous substances and does not require 
too much expertise, making it appropriate for small to medium industries; it is transparent 
and logical; the net scores are easy to interpret because they can be compared with 
designated risk categories (Khan et al., 2001). All chemicals are assessed, not only the 
ones that meet certain criteria, allowing the results to be used for a range of purposes. 
Only chemicals that meet ﬁxed criteria are highlighted, however, and it is therefore 
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subjective. The advantage of a criteria-based assessment, however, is the ability to identify 
chemicals that meet criteria, and it does rely on a relative comparison with other chemicals 
for a substance to be prioritised rapidly. 
A scoring system can be subjected to a sensitivity test, to make it more reliable. This is of 
particular importance when corporate decisions about substitution of chemicals or method 
are required. A numerical scoring system can also incorporate a way of indicating the level 
of uncertainty associated with data by assigning penalty points. Similarly, credit points can 
be added during exposure assessment, in instances where hazard control strategies and 
safety systems are available, similar to the approach used in Dow's Fire and Explosion 
Index (Gupta, 1997) and the Safety Weighted Hazard Index (Khan et al., 2001). 
CHEMS-1 has features that can be applied to the mining industry, in terms of its scoring 
procedure, its simplicity, transparency and in its scientiﬁc approach. It is simple in terms of  
having a single indicative score that combines health, environment and exposure in the 
initial stage of assessment: 
tHV = (Human Health Effects + Environmental Effects) x Exposure Factor 
It is appropriate for the vast range of chemicals used on mining sites. It is scientiﬁc, in 
that the hazard values (some) are calculated using a linear function, which reduces the 
subjectivity of assigning scores to ranges. It is also transparent because the chemical 
release data are combined with exposure data to give a numerical score. This concept of 
numerical quantiﬁcation can be applied to the various uncontrolled routes of chemical 
disposal in the mining industry and the corresponding effects on targets. CHEMS-1 deals 
with data uncertainty. Missing data are assigned a score of one of the two cutoff values, 
and data are predicted, where experimental data are not available. Quantitative data are 
assigned a greater weight than qualitative data, which indicates the degree of conﬁdence 
of the ﬁnal results. CHEMS-1 also adapts an efﬁcient two-tiered approach for screening 
chemicals to signiﬁcantly reduce the number to be screened sub sequentially. This tiered 
approach is essential in dealing with the vast quantities of products on a mine site and their 
range of associated hazards. REACH also focuses on this approach during assessment of 
exposure scenarios. 
Unlike CHEMS-1, the scores for the environment and human health used by EURAM are 
separate, although the exposure and effect are combined into one score: 
Environmental Score: ESi = EEXi  x EEFi    and  Human Score: HS = HEX x HEF  
The score for the environment considers emissions, distribution and degradation. Apart 
from emission, the other factors depend on the intrinsic physicochemical properties of 
the chemical. On a mining site, it is important to consider the pathways by which the 
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chemicals reach the environmental compartments, and therefore an intermediate stage 
that documents the physical risk of reaching the compartments is required. Thus, although 
the scoring method is appropriate, the terms in the equation are only used in the ﬁrst stage 
of assessment. In terms of maintaining the quality of the data, EURAM assigns default 
values to chemicals without experimental data, and the data are reviewed by experts 
before a priority list is established. The latter option is not practical when screening 
chemicals in the mining industry, as a simple, user-friendly  and rapid procedure is 
required. 
SCRAM screens chemicals using one of two equations: 
(Bioaccumulation x Persistence) (1.5) + Acute aquatic toxicity + acute terrestrial toxicity                            
Or 
(Bioaccumulation x Persistence) (1.5) + chronic aquatic toxicity + chronic terrestrial toxicity + 
chronic human toxicity   
Depending on whether the chemical is persistent or not — if it is, the chronic toxicity route 
is taken. This was efﬁcient for assessing contaminants in the Great Lakes, however, in 
terms of occupational exposure, such as a mine site, chronic effects would not become 
apparent as a result of the chemical's persistence, but instead as a result of continuous 
exposure to the substance. Hence these formulae are not useful for screening mine 
chemicals. As opposed to CHEMS-1, this scoring technique does not rely on algorithms to 
calculate the scores for the individual data points, but groups the data into ranges instead. 
Although there is more subjectivity involved in this method of scoring, the scoring is 
simpler and more consistent, since the same scale is used for all endpoints. 
The strength of the SCRAM method, lies in its approach to dealing with uncertainty. It 
assigns a chemical score as well a score for uncertainty, which prevents a chemical from 
being assigned a low score, because there is limited information about its intrinsic properties, 
and instead awards penalty points for the lack of data. Predicted and estimated data are 
also given a higher uncertainty score than measured data. This approach ensures that the 
quality of data assessed remains at a consistent level, and that the difference in quality is 
transparent. This is a thorough approach, but the level of detail may be unnecessary when 
screening a range of products used in the mining industry, as it is time consuming, and 
since several products will contain mixtures of chemicals, there will not be an option to 
differentiate between measured and estimated data. 
The Process Route Healthiness Index (PRHI) is used in the chemical process industries to 
determine the safest, most efﬁcient route to take, in chemical processes, during the design 
stage. In terms of scoring hazards, it awards penalty points to both health hazards using 
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reliable sources and operational conditions. This approach is suitable for industry, because 
it ensures that scores are  scientiﬁcally  justiﬁed and makes use of readily available, 
established information. It is particularly  appropriate  for  use  by  the  mining  industry,  
because chemicals  are  supplied  with  an  MSDS,  which  indicate  associated hazards. 
The IOHI, created by Hassim and Hurme (2010) is an ideal index for the mining industry, 
as it takes account of lack of available information. It therefore incorporates data that are 
readily available, such as the risk-phrases, they are deﬁned in the Dangerous Substance 
Directive (67/548/EEC) which classify the products' hazardous nature, found in the MSDS of 
substances sold in the European Union. The fact that the index is  used to identify  
occupational  hazards before  the process route is chosen indicates it is  ideal  for  
comparing  best and worst-case exposure scenarios, although a similar level of detail for 
occupational assessment is probably not unnecessary for chemicals used in the mining 
industry. Since the focus of this index is occupational health, other aspects, such as safety 
and environment aspects are not covered, unlike the PRHI index of Hassim and Edwards 
(2006). The safety and environment index can be incorporated into one encompassing 
index, however, for application in the mining industry. 
The Safety Weighted Hazard Index (SWeHI) assesses processes by considering the 
ratio of damages to safety control measures in place, using the ratio of penalties to 
credits. It is useful for the mining industry, because safety measures can be adequately 
accounted for, and the reason for the reduced probability of harm occurring can be 
justiﬁed. This also reduces the subjectively associated with assigning scores to data on a 
‘good to bad’ range. Incorporating penalties and credits means that the main decision has 
to be whether a situation is ‘good’ or ‘bad’ rather than the magnitude of potential problem. 
Available chemical screening methods were reviewed on the basis of their approaches to 
screening hazards and establishing exposure scenarios. The scoring procedures, data 
quality assessment and applicability of exposure scenarios to the mining industry were 
examined. 
The chemical ranking system's fulﬁlment of the established criteria in terms of selecting 
an appropriate procedure to identify the hazards of the chemicals used in the mining 
industry is summarised in Table 13.  The applicability to quantifying exposure scenarios is 
summarised in Table 14. 
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Table 13 The properties of chemical ranking methods in terms of hazard identification 
procedures 
 
 
Table 14 Summary of the properties of chemical ranking systems in relation to their 
applicability for quantifying exposure scenarios. 
 
Chemical 
ranking 
system 
Scoring 
procedure  
Scoring procedure properties Data quality/gap 
  Simple  Transparent Scientific  Makes use of 
established 
information 
Accounts for 
uncertainty  
Transparent Simple 
CHEMS-1 Algorithm  
 
 
 
 
 
  
 
 
 
 
EURAM Algorithm  x x  
 
 
 
 
 
 x 
SCRAM Algorithm  
 
 
 
 
 
  
 
 x 
PRHI Index x  
 
 
 
 
 
 
 
  
IOHI Index x  
 
 
 
  
 
 
 
 
EHI Index x    x X x 
SWeHI Index   
 
 
 
    
ECI Fuzzy Logic  X   
 
  
 
 
 
 
SHE 
Hazards 
Index X    
 
  
 
 
COSHH 
Essentials  
Hazard 
banding  
    
 
   
Chemical ranking 
system 
Exposure quantifying 
procedure 
Applicability 
  Easy to integrate Can accommodate 
range of scenarios 
Appropriate for 
limited information 
scenarios 
CHEMS-1 
 
Chemical release data x x  
EURAM Emissions (tonnage 
produced or imported and 
use pattern ) and 
distribution 
(physiochemical 
properties of chemical) 
 
 x  
PRHI  Probability of adverse 
effects occurring 
 
 
 
  
IOHI  Physical properties of the 
materials and the 
operational conditions 
 
 
 
  
 
SWeHI Penalties and credits  
 
 
 
 
 
 
ECI Fuzzy Logic x  
 
 
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The review of the chemicals and the assessment their appropriateness for use in the 
mining industry have revealed that several of the procedures offer practical aspects that 
could be useful for the mining industry, but no single method fulﬁls the entire criteria to 
meet the requirements laid out. Several methods use algorithms designed to incorporate 
the properties from single-component chemicals,  and   therefore  is  impractical   to  
modify  for  multi- component chemicals, without losing  the integrity of the method. This 
is true of CHEMS-1, EURAM and SCRAM procedures, which otherwise fulﬁl majority of 
the scoring procedure criteria. Chemical ranking systems used for regulatory action and 
large inventories tend to focus on screening the chemicals to identify the most hazardous 
ones in terms  of their properties, whilst indices, favoured by the chemical process 
industries also evaluate the conditions in which the chemicals are used. As a single method 
does not fulﬁl the criteria for both the scoring system and the exposure quantifying 
procedure, a method has to be developed that combines the most appropriate features of 
both types of procedures. The features that should be incorporated in order to fulﬁl the 
requirements of the mining industry are discussed below. 
4.5 Discussion  
4.5.1 Screening procedure for Hazard Identification  
The identification of hazards in terms of Health, Safety and Environment is the first and most 
important stage of any screening procedure. 
 
4.5.2 Scoring  
The most appropriate scoring procedure for the mining industry should :- 
- Group the hazard data into ranges and assign scores, as used in the SCRAM procedure 
instead of calculating them by using a linear function as in the case of CHEMS-1, 
because it would be a uniform approach can be adopted for both qualitative and 
quantitative data.  
- A rapid criteria-based approach can be incorporated in parallel to the scoring procedure 
for some essential categories of chemicals, including cross-referencing chemicals 
against chemical priority lists. The method selected should be efficient and recognise the 
importance of legislation, and that any substances on priority lists should be screened in 
for further assessment, or highlighted as a chemical that should be substituted depending 
on use.  
- Make use of readily available data. The MSDS that are supplied with the products include 
mainly qualitative data, so such an approach is the most appropriate. Nevertheless, value 
ranges from literature sources can help to remove subjectivity and maintain consistency.  
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4.5.3 Uncertainty  
An appropriate procedure to deal with data uncertainty similar to that used by both the 
CHEMS-1 method and EURAM is required. Data can be chosen from a hierarchy of priority 
sources and the reliability of the data indicated in the ﬁnal outcome by assigning penalty 
scores which increase in magnitude if values are predicted, or obtained from a less reliable 
source. The credibility of quantitative data is also highlighted by assigning greater weights 
to these values. 
 
The method ﬁnally developed should also make use of readily available, established 
information so that expert judgement is not required and the process is user friendly. 
Uncertainty can be accounted for in the initial stages of screening by assigning penalties in 
cases where data are not available, as in the CHEMS-1 and SCRAM procedures, and the 
quality of the data represented by different numerical indicators so that the reliability of the 
ﬁnal output is transparent. 
Chemical ranking and scoring methods should be simple and transparent so that, the use 
of readily available hazard information provide the main basis for decision making at this 
stage, rather than expert judgement. The EU hazard classiﬁcation R-phrases is used as an 
indicator of toxicological hazard (Brooke, 1998) and is used as the primary source of 
classiﬁcation of hazardous chemicals. 
4.5.4 Missing Data: 
As in the case of EURAM and several other chemical screening methods, default values are 
assigned to missing data, or where possible, data  predicted, using Quantitative Structure-Activity 
Relationship (QSAR) or Structure-Activity Relationship (SAR)  (eg for predicting the 
carcinogenicity of compounds). This uncertainty should be communicated however.  
4.5.5 Exposure Assessment  
In terms of the exposure assessment, the method selected  must be able to accommodate a 
range of different scenarios.  Before scenarios can be developed and assessed, it is necessary 
to establish the probable pathways for exposure, in each of the areas in which chemicals are 
used, on a mine site. Hence, it is important to develop conceptual models to show potential 
exposures and the possible dispersal of the chemicals into the different media after their release. 
Similar concepts have been used by SceBRA -   A Scenario-Based Risk Assessment (of multi-
use chemicals) based on the application to solvent, as well as COSHH Essentials and REACH 
exposure scenarios. An additional level can be incorporated into the method to ensure that : 
- All substances  in multi-component products are identified.  
- Chemical mixtures are accounted for in the conceptual model developed.  
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-The degradation products are accounted for in the conceptual model developed.  
The conceptual model will highlight the exposure pathways to identify source-pathway-receptor 
linkages. Several methods, such as EURAM and IOHI base their exposure assessment on 
evaluation of the physicochemical properties of the chemicals and the operational conditions in 
their area of use. This is essential for a scientific justification of the procedure and will be 
incorporated in the method finally developed. Considering the consequences that can arise 
because of the  physicochemical properties of the chemicals and the operational conditions in 
which they are used can lead to the development of worst and best-case scenarios. This 
considers the potentially unfavourable  situations that could arise, as well as the safety control 
measures in place, assigning penalties and credits, as in the Safety Weighted Hazard Index 
(SWeHI).  
In terms of the exposure scenarios, it is essential to develop a scientifically sound method, to 
account for the probability of the worst case scenario occurring, by comparing actual situations 
with the worst-case scenario. This will be developed by incorporating Fuzzy Logic into the 
method, which is used by several health and environmental indices. Fuzzy Logic can deal with 
uncertainty and imprecision and is an efficient tool for problems which lack clear boundaries. 
Fuzzy Logic also allows a gradual transition between extremes, which makes the results more 
transparent and the method more flexible.  
The potential risk screening features selected for use in the hazard, exposure and overall risk 
characterisation stages of the mining industry orientated procedure are summarised in Table 15. 
Table 15 A summary of the screening procedures selected 
Risk Screening Stage Potential screening features for mining 
industry risk procedure 
Hazard 
 Numerical scoring of data categorised into 
ranges. 
 Use of linear function to fix scores within 
set ranges. 
 Quantitative data given greater weightings 
than qualitative. 
 Data predicted when not available (eg. 
QSAR). 
Exposure 
 Numerical scoring of data categories. 
 Assessment of physiochemical properties 
of chemicals. 
 Assessment of operational conditions. 
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 Development of conceptual models 
including with mixtures. 
Risk 
 Tired approach of assessment  
 Penalties and credits  
 
4.6 Conclusion  
The method of screening chemicals, proposed for the mining industry is based on a combination 
of established methods as summarised above. This approach that screens all chemicals for their 
hazardous properties, addresses the need to accommodate for different chemicals and a large 
range of volumes. The most hazardous chemicals can then be screened using a tiered approach 
for more detailed assessment. This reduces the number of chemicals required to undergo more 
detailed evaluation focusing resources to the ones of most concern. 
The identification of degradation products not fully integrated with the same detail as the parent 
compounds into most of the systems reviewed, is an opportunity to further improve the final 
method adopted. Similarly, the need for assessing hazards arising from mixtures of chemicals 
being released needs to also be addressed by this final method. 
For exposure assessment, the development of conceptual models of scenarios based on the 
usage, storage and disposal of chemicals on mine sites can further facilitate the assessment. A 
system that indicates actions required for the chemical risk management, will also address 
disparities in chemical housekeeping. A screening method that addresses all these aspects is 
needed to prioritise the chemicals for substitution, elimination or risk reduction, in order to ensure 
financial and legal security for the mining industry. 
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CHAPTER 5: DATA COLLECTION AND MINE SITE VISITS  
5.1 Introduction  
Three different mine operations were chosen as case studies to investigate the scope of the 
chemical requirements of the mining industry and to develop a mine-specific chemical risk 
framework to accommodate such requirements. The case studies were selected to demonstrate 
the application of the chemical risk framework:  
- A copper mining operation (divided into a mine, flotation plant and smelter) 
- A platinum mining operation  
- A coal mining operation  
5.2 Method 
The mine sites in two continents were visited between 2008 and 2009 and the data on the 
synthetic chemical hazards and exposures were collected. The synthetic chemicals included all 
substances or mixtures that entered the operations that would require the accompaniment of a 
material safety data sheet (MSDS). In order to ensure that the list of chemicals was complete an 
attempt was made to explore every location on the mine sites thoroughly.  All of the information 
contained on chemical containers was photographed, labelled according to their location and 
archived. This method of data capture ensured that the information recorded was accurate and 
site specific. The immediate surroundings of the chemicals were also photographed and the 
manner in which the chemicals were stored, used and disposed of were recorded, as well as the 
exposure controls noted in order to obtain an accurate record of the exposure information. Some 
of the operations had a chemical database of the chemicals purchased but this was not used as 
the primary source of information because the use of some chemicals had become obsolete. 
Moreover no information about exposure was provided and the manner in which the chemicals 
were used was not included. Some chemicals did not go through a procurement system, but 
were purchased directly from local shops.  
5.3 Results 
A selection of information about the chemicals on the mining operations is given in Tables 16 to 
20.  For each mining operation, the workspaces in which the chemicals were located, the number 
of chemicals, the application, essentiality to mining activities and the volume range were 
recorded: 
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Table 16  Summary information on scope of chemicals on the copper mine site  
Workspace 
Type of 
chemicals 
Application 
Chemical 
Storage 
Areas 
Essentiality to 
Mining 
Activities 
Number of 
Chemicals 
Range of 
volumes 
for typical 
activities 
Metallurgical  
Laboratory 
Acids, alkalis 
and buffers 
Analyse copper 
and concentration 
of sulphuric acid in 
process. 
In laboratory Essential 41 Litres per day 
Mechanical 
Maintenance 
Workshops 
Oils, paints , 
lubricants 
Vehicle 
maintenance Workshop 
Ancillary 
products 118 
Grams to 
kilograms 
per day 
Cleaning 
General 
cleaning and 
polishing 
products 
Cleaning Cleaning cupboard 
Ancillary 
products 14 
Litres per 
day 
Explosives 
Detonators; 
explosive 
mixtures , 
emulsifiers 
Blasting 20km away from main site Essential 4 
Tonnes per 
month 
Cathode Plant 
Diesel, acids, 
copper 
sulphate 
solution 
Electrowinning Designated storage area Essential 8 
Tonnes per 
day 
Water Treatment 
Plant 
Flocculants, 
lime Water treatment 
Designated 
storage area Essential 7 
Kilograms 
as required 
Salvage Yard 
Empty paint 
and lubricant 
containers and 
waste oils 
Waste storage Designated storage area Non applicable 14 
Non 
applicable 
 
 
Table 17 Summary information on scope of chemicals on the copper flotation site  
Workspace 
Type of 
chemicals 
Application 
Chemical 
Storage 
Areas 
Essentiality to 
Mining 
Activities 
Number of 
Chemicals 
Range of 
volumes 
for typical 
activities 
Analytical 
Laboratory 
Analytical 
chemicals, Acids, 
alkalis, buffers, 
indicators 
Copper analysis 
Laboratory 
and 
warehouse 
Essential 65 Grams per day 
Mechanical 
Maintenance 
Workshop 
Oils, adhesives, 
lubricants 
Maintenance of 
vehicles and 
flotation environs 
Workshop 
and 
warehouse 
Ancillary 
products 58 
Grams to 
kilograms 
per day 
Cleaning 
Detergents, fruit 
and vegetable 
disinfectants, air 
fresheners 
General cleaning Cleaning cupboard 
Ancillary 
products 13 
Litres per 
day 
Flotation Plant Flotation reagents, alkalis Froth flotation 
Designated 
storage area Essential 10 
Tonnes per 
day 
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Table 18 Summary information on scope of chemicals on the copper smelter site  
Workspace 
Type of 
chemicals 
Application 
Chemical 
Storage Areas 
Essentiality 
to Mining 
Activities 
Number of 
Chemicals 
Range of 
volumes for 
typical 
activities 
Analytical 
Laboratory 
Analytical 
chemicals; 
Standards 
Analysis of copper 
grade;  Atomic 
Absorption 
spectroscopy;  Acid 
digestion 
Laboratory 
cupboards and 
central 
warehouse 
Essential 128 Grams per day 
Electrical and 
Mechanical 
Workshops 
Oils, paints, 
paint thinners 
Maintenance of 
vehicles , smelter 
and environs 
Workshops 
and central 
warehouse 
Ancillary 
Products 78 
Grams to 
Kilograms 
per day 
Garden and 
Farm 
Fertilisers and 
pesticides Farming 
On farm and 
off-site 
Ancillary 
Products 35 
Kilograms 
per month 
Cleaning 
Storage 
Detergents; 
Fruit and 
vegetable 
sterilisers 
General cleaning Cleaning cupboard 
Ancillary 
Products 17 
Grams per 
day 
 
 
 
Table 19  Summary information on scope of chemicals on the platinum operation   
Workspace Type of chemicals Application 
Chemical 
Storage 
Areas 
Essentiality to 
Mining Activities 
Number 
of 
Chemic
als 
Range of 
volumes for 
typical 
activities 
Metallurgical 
Laboratory 
Test samples of 
flotation reagents, 
acids, solvents 
Test of viability 
of flotation 
reagent 
conditions 
laboratory 
cupboard Essential 43 
Millilitres per 
day 
Flotation Plant Flotation reagents Flotation 
Flotation area, 
brought on site 
by contractors 
Essential 6 Tonnes per day 
Cleaning 
Products 
Detergents 
disinfectant, 
handsoap, window 
cleaner,air 
freshener 
Cleaning Cupboards, warehouse Ancillary product 32 Litres per day 
Analytical 
Laboratory 
Analytical 
compounds, acids, 
alkalis, buffers, 
indicators 
Atomic 
absorption 
spectroscopy, 
acid digestion 
Laboratory , 
warehouse Essential 66 Grams per day 
Electrowinning 
Plant 
Acids, formalin, 
nickel sulphate 
solution 
Electrowinning Plant storage area Essential 8 
Tonnes per 
day 
Mechanical 
Maintenance 
Workshops 
Motor oils, paints, 
degreasers, 
adhesives 
Maintenance 
of vehicles 
and flotation 
and 
electrowinning 
plants 
Workshops 
and 
warehouse 
Ancillary product 177 
Grams to 
kilograms per 
day 
 
 
 
 
 
 
65 
 
Table 20 Summary information on scope of chemicals on the coal operation   
Workspace 
Type of 
chemicals 
Application 
Chemical 
Storage Areas 
Essentiality to 
Mining 
Activities 
Number of 
Chemicals 
Range of 
volumes for 
typical 
activities 
Condition 
Laboratory Solvents 
Analyse engine 
oil to determine 
conditions of 
engines 
Laboratory 
cupboards Essential 4 
Kilograms per 
day 
Gardening Fertilisers, herbicides Gardening 
Cupboards and 
off-site 
Ancillary 
products 16 
Litres as 
required 
Mechanical 
Maintenance 
Workshop 
Motor oils, 
paints, 
greases, 
adhesives, 
degreasers 
Maintenance of 
vehicles and 
plant environs 
Workshops, 
warehouse and  
with 
contractors 
Ancillary 
products 201 
Grams to 
kilograms per 
day 
Analytical 
Laboratory 
Acids, 
standards, 
solvents, 
cleaning 
products 
Flow-injection-
analysis and x-
ray 
fluorescence 
Laboratory 
cupboards Essential 154 Grams per day 
High gravity 
and high 
density 
laboratory 
Perchloroethyl
ene, 
tetrabromoetha
ne, 
Coal 
separation 
Designated 
area Essential 5 
Kilograms per 
day 
Cleaning 
Polish, window 
cleaner, 
disinfectant, air 
freshener 
Cleaning 
Kitchens and 
designated 
storage 
cupboards 
Ancillary 
products 36 Litres per day 
Explosives Boosters, detonators, fuel Blasting 
Away from 
main site, 
operated by 
contractors 
Essential 8 Kilograms as required 
Water 
treatment plant 
Flocculants, 
coagulants, 
acids, chlorine 
gas 
Water 
treatment 
Designated 
area Essential 15 
Tonnes per 
day 
 
Tables 16 to 20 show that the mining operations use a wide range of different chemicals from 
specialist flotation reagents and analytical chemicals to commercially available cleaning products 
and pesticides. The use patterns of these chemicals range from milligrams per month to tonnes 
per day and chemical management standards frequently differ between operations and countries. 
Except for blasting and flotation, activities in the mining industry reflect those of other industries 
including water treatment, electrowinning, laboratory analysis, machine and vehicle maintenance, 
welding, brazing, painting, cleaning and gardening. This highlights the range of exposure 
scenarios, mixtures of chemicals and possible disposal routes that can exist within industrial 
settings.  A comparison across the sites reveal that the operation have similar activities and 
similar types of chemicals. Therefore the information can be compared between the operations, 
but can also be grouped to understand typical situations across the operations.  
A more focused analysis of the chemical distribution per operation based on their chemical  
applications are given in Figures 10 to14. 
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Figure 10  Distribution of chemicals per application on copper mine site. 
 
  
 
Figure 11 Distribution of chemicals per application on copper flotation site. 
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Figure 12 Distribution of chemicals per application on copper smelter site. 
 
 
Figure 13  Distribution of chemicals per application on platinum operation. 
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Figure 14 Distribution of chemicals per application on coal operation. 
Similar types of chemicals and trends were identified across all three mine operations, with 
laboratory chemicals accounting for the largest proportion of substances, followed by mechanical 
maintenance products in most cases. This reflects the large and diverse range of chemical 
analyses carried out in laboratories, and the numerous  maintenance workshops.  In terms of the 
volume of chemicals used, this was greatest in the flotation and water treatment plants which is 
important in considering exposure. Understanding the types and quantities of chemicals at each 
site provides an insight into the conditions in which the chemicals are used and the types of 
exposures and control measures involved. This will be helpful to other industries that use similar 
services such as cleaning and general maintenance. 
The initial scope of the information has revealed that the extremities in chemical properties and 
volumes have to be accommodated in a proposed mine specific chemical risk framework. The 
procedure must also: 
 Accommodate single and multi-component chemicals, undisclosed unknown mixtures, 
degradation products  
 Accommodate variable exposure scenarios 
 Address disparities in chemical housekeeping  
 Avert production uncertainty by preparing the industry for compliance relevant chemical 
regulations. 
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 Be economically suitable 
 Provide a standard framework to efficiently and consistently address and incorporate the 
company's own hazardous material standards. 
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CHAPTER 6: HAZARD IDENTIFICATION 
6.1 Introduction 
The degree of risk from chemicals used by industry depends on their hazardous properties and 
their use pattern, quantities and who is exposed to them. This chapter is concerned with the  
hazard identification and  assessment stage of developing a chemical risk procedure, and 
methods of prioritising chemicals based on their hazardous properties. Based on the review in 
Chapter 4 and the data collected in Chapter 5, the  hazard assessment stage will be considered 
in terms of i) the data collection ii) the selection of hazardous property categories iii) scoring 
hazardous properties and iv) the results of the combined method. 
6.2 Data Collection  
The data collected included, i) on site information of the chemical identities ii) the intrinsic hazard 
of the chemicals in the form of material safety data sheets (MSDS) (an example of a 16-point 
MSDS can be found in Appendix A (Sigma-Aldrich, 2013). 
6.2.1 Mine operations data collection  
All of the information contained on chemical containers was photographed and archived. This 
method of data capture ensured that the information recorded was accurate and site specific.  
6.2.2  Data Source Selection 
One of the design requirements for the proposed hazard identification method developed for the 
mining industry, was to make use of readily available, established information, so that expert 
judgement was not required. Several methods that were reviewed, sourced their information from 
MSDSs. This source of information is important in this assessment because many of the 
chemicals used on  mine sites are multi component formulations, and therefore the overall 
hazard classifications of the products would be given by the manufactures on the MSDSs.  In 
cases where the full list of ingredients is not available, the manufacture’s classification has to be 
trusted and used and therefore MSDSs are the primary source of information for classifying the 
hazards of chemicals. Literature sources and chemical hazard databases (such as International 
Agency for Research on Cancer, SciFinder database, Agency for Toxic Substance and Disease 
Registry, Toxnet – databases on toxicology, hazardous chemicals, environmental health and 
toxic releases)  were also used as a secondary source to verify the classifications where 
possible.  
 
6.3 Categories for assessment 
The categories chosen for assessment  are based on the information from the MSDSs, and 
hence the hazard categories of the United Nations Globally Harmonized System of Classification 
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and Labelling of Chemicals (GHS) were selected to be used in this tool along with some 
categories in the Dangerous Substances Directive, that are as yet not included in the GHS. 
In 2008, the European Union implemented the UN GHS criteria in all member states under 
Classification, Labelling and Packaging of substances and mixtures (CLP) Regulation EC No 
1272/2008, which will be fully phased in by 2015 and replace the current Dangerous Substances 
Directive (67/548/EEC) and Dangerous Preparations Directive (1999/45/EC).  
Some categories in the Dangerous Substances Directive, are not included in the GHS, but are 
additionally retained under CLP. For example “Contact with acids liberates toxic gas” is not 
included in the GHS, but is particularly important in the mining industry, as many flotation 
reagents that are used in bulk quantities, have this property. 
The GHS/CLP hazard categories have been selected for use in this developed risk procedure to 
facilitate the multinational mining company’s compliance with current global chemical regulations. 
In several cases, the GHS/CLP classifications were not on the available MSDSs and the 
translation table in Annex VII of the CLP regulation was used to translate between the 
Dangerous Substances Directive classifications and CLP. For chemicals with non EU 
classifications, the most similar GHS classifications were used. 
The GHS hazard classes (taken from GHS document (fourth revised edition) (United Nations, 
2011) hazard statements, hazard categories and criteria are listed in Appendix B (tables B1-B20).   
Selected hazard classes are discussed in this chapter to highlight additional categories added to 
the assessment procedure. The scores assigned to the subcategories are also given in Tables 
21 to 23 and are explained in section 6.4. 
Table 21  GHS and CLP Hazard Class: Acute Toxicity 
GHS and CLP Hazard Class: Acute Toxicity – adverse effects occurring following oral or dermal administration of a single 
dose, or multiple doses within 24 hours, or an inhalation exposure of 4 hours. 
Health Hazard Statement Health Hazard Category and Criteria Score 
Fatal if swallowed (Cat 1. LD50 ≤5 mg/kg) and (Cat 2. >5  
LD50  ≤50 mg/kg) 10 
Toxic if swallowed (Cat 3. >50  LD50  ≤300 mg/kg) 8 
Harmful if swallowed (Cat 4. >300  LD50  ≤2000 mg/kg) 6 
May be harmful if swallowed (Cat 5. >2000  LD50  ≤5000 mg/kg) 4 
Unknown toxicity LD50 not assigned or inferred 3 
Not Applicable _ 0 
Fatal in contact with skin (Cat 1. LD50 ≤50 mg/kg) and (Cat 
2. >50  LD50  ≤200 mg/kg) 10 
Toxic in contact with skin (Cat 3. >200  LD50  ≤1000 mg/kg) 8 
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Harmful in contact with skin (Cat 4. >1000  LD50  ≤2000 mg/kg) 6 
May be harmful in contact with skin (Cat 5. >2000  LD50  ≤5000 mg/kg) 4 
Not Applicable _ 0 
Fatal if inhaled 
(Cat 1. Gases  LC50 ≤100 ppm; Vapour 
LC50 ≤0.5 mg/l; Dust and mists LC50 
≤0.05 mg/l) AND (Cat 2. Gases >100 
LC50 ≤500 ppm; Vapour >0.5  LC50 ≤2 
mg/l; Dust and mists > 0.05 LC50 ≤0.5 
mg/l) 
10 
Toxic if inhaled 
(Cat 3. Gases >500 LC50 ≤2500 ppm; 
Vapour >2  LC50 ≤10 mg/l; Dust and 
mists > 0.5 LC50 ≤1 mg/l) 
8 
Harmful if inhaled 
(Cat 4. Gases >2500 LC50 ≤5000 ppm; 
Vapour >10  LC50 ≤20 mg/l; Dust and 
mists > 1 LC50 ≤5 mg/l) 
6 
May be harmful if inhaled 
(Cat 5. Gases >5000 LC50 ≤12500 
ppm; Vapour >20  LC50 ≤50 mg/l; Dust 
and mists > 5 LC50 ≤12.5 mg/l) 
4 
Not Applicable _ 0 
 
The health hazard statements and criteria in Table 21 are for acute toxicity via oral, dermal and 
inhalation administration. Category 5 hazards were not retained under the CLP regulation, but 
were included in this assessment, since this tool aims to be suitable for use in a multinational 
company that would have to accommodate different adaptations of GHS.  
An additional hazard statement of “unknown toxicity” was added to account for situations in 
which the LD50 (for acute oral toxicity) or the LC50 (for acute aquatic toxicity) was not available. 
The ‘not applicable’ hazard statement was assigned if the LD50 value was above the hazard 
ranges in the case of acute oral toxicity, or if they were not assigned, in the case of dermal and 
inhalational toxicity, as information for the latter two hazard classes was less readily available.  
The oral, dermal and inhalation toxicity categories were evaluated and scored as separate 
hazard classes. 
Table 22  GHS Hazard Class: Skin Corrosion/Irritation   
GHS Hazard Class: Skin Corrosion/Irritation  –  skin corrosion: production of irreversible damage to the skin following the 
application of a substance up to 4 hours; skin irritation:    production of reversible damage to the skin following the application of 
a substance up to 4 hours.  
Health Hazard Statement Health Hazard Category and Criteria Score 
Causes severe skin burns and eye 
damage 
Cat 1A: Exposure ≤3 min, Observation ≤ 
1h; Cat 1B: Exposure > 3 min ≤ 1h; 
Observation ≤ 14 days;  Cat 1C: 
Exposure >1 h ≤ 4h, Exposure ≤  14 days 
10 
Causes skin irritation Cat  2: at least 2 animals tested have a 
mean score of ≥2.3≤4.0 (less than mean 
8 
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score criterion for a positive test) 
Causes mild skin irritation Cat 3: at least 2 animals tested have a 
mean score of ≥1.5<2.3 (less than mean 
score criterion for a positive test) 
5 
CLP Hazard Class   
Repeated exposure may cause skin 
dryness or cracking 
May cause concern as a result of skin 
dryness, flaking or cracking but which do 
not meet the criteria for skin irritancy. 
5 
Not Applicable  _ 0 
 
If the substance or mixture in question was not classified as a skin corrosion/irritant, it was 
assigned a ‘not applicable classification’ in the database.  
The CLP hazard class for skin dryness was retained from the Dangerous Substances Directive 
(67/548/EEC) and is included in this assessment.  
Table 23  GHS Hazard Class: Bioaccumulation 
GHS Hazard Class: Bioaccumulation – net result of uptake, transformation and 
elimination of a substance in an organism due to all routes of exposure 
Environmental  Hazard Category and 
Criteria 
Score 
Potential for bioconcentration  
Experimental BCF≥ 500 10 
Experimental Log Kow ≥ 4 10 
Estimated (QSAR) Log Kow ≥ 4 10 
No potential for bioconcentration 
  
 
Experimental BCF < 500 2 
Experimental Log Kow < 4 2 
Estimated (QSAR) Log Kow < 4 2 
Inorganic compound 2 
Not Applicable 0 
 
Although degradation and bioaccumulation are not themselves classification categories in 
GHS/CLP, the information is important when determining the chronic aquatic toxicity in cases 
where the no effect concentration (NOEC) is unknown. The GHS and CLP both use degradation 
and bioaccumulation information to classify chemicals that are persistent, bioaccumulative and 
toxic (PBT).  
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Additional categories were incorporated into the hazard assessment to ensure the chemicals are 
accurately identified. These include the trade name, CAS number (if applicable), manufacturer, 
date of the MSDS, undisclosed chemical substances, location on the mine site, application, 
essentiality, list of ingredients and components on priority lists. These categories were not 
assigned scores, but are necessary as aids to decision making when overall risk is considered.  
 
6.4 Scoring method 
In order to compare the chemical hazards, and allow them to be ranked and prioritised, two types 
of scoring methods were employed.  Numerical values were assigned to the GHS categories and 
a criteria-based assessment was also incorporated to ensure that the severely hazardous 
chemicals were not screened out of the assessment. 
6.4.1 Numerical scoring 
The hazard categories for each hazard class was assigned a score ranging from 1 - 10 in 
increasing severity of the chemicals’ impacts on human health or the environment, and/or their 
ability to cause physical damage (Appendix B - tables B1-B20). The values were assigned 
arbitrarily and therefore involved a degree of subjectivity. The additional categories of ‘unknown 
toxicity’ for oral acute toxicity and acute aquatic toxicity were also assigned scores in order to 
account for uncertain hazards. Every chemical was assigned a score for each hazard class, and 
scores of zero were assigned to the ‘not applicable’ hazard categories. A theoretical worst-case 
chemical is also included in the list of chemicals to be assessed, and is assigned the highest 
scores for each hazard category giving it the highest possible total score. This provides a 
benchmark to compare the chemicals against. 
The hazard classes were assigned weights to reflect the comparative importance of the different 
hazards in accordance with the criteria defined for of a system specific for the mining industry. 
The relative weights of the hazard classes are given in Table 24. 
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Table 24 Relative weights assigned to hazard categories 
Weighting x10 
 
x5 x 1 
GHS/CLP 
Classification 
Category  
Health   Health Health 
Acute Toxicity 
(Oral) 
Averaged as 
total toxicity 
Specific Target Organ  Toxicity-
Single Exposure Skin Corrosion/Irritation 
Acute Toxicity 
(Dermal) 
Specific Target Organ Toxicity-
Repeated Exposure 
Serious Eye 
Damage/Eye Irritation 
Acute Toxicity 
(Inhalation) Environment  
Respiratory or Skin 
Sensitisation  
Germ Cell 
Mutagenicity   Acute Aquatic Toxicity  Aspiration Hazard 
Carcinogenicity   Chronic Aquatic Toxicity  Environment  
Reproductive 
Toxicology   Hazardous to the ozone layer Degradation  
Safety    Safety  Bioaccumulation  
Explosive   Self-Reactive Substances Safety  
Pyrophoric 
Liquid/Solid   Organic Peroxides Flammable  
    Substances which, in contact with water emit flammable gases Self-Heating Substances 
      Oxidising 
      Gases Under Pressure  
      Corrosive to Metals  
 
Weights allow chemicals with certain hazard classifications to have higher overall scores and be 
prioritised to ensure efficient identification of the most dangerous chemicals to occupational 
health and fire safety. The hazard categories considered to be the most important for the mining 
industry are acute toxicities, CMR properties and explosive and pyrophoric substances and these 
were therefore weighted ten times more important than the majority of the other hazard 
categories. The acute and chronic aquatic toxicity categories as well as other severe health and 
physical hazard categories were given a weighting of 5, as the risk framework is designed to also 
protect the surrounding environment and it is important for chemicals with these properties to be 
scored high. The final scores and therefore ranked positions of the chemicals are governed by 
the weightings assigned as this makes a clear distinction between the hazard categories. 
Both scoring and weighting are subjective approaches based on judgement of the differences 
between severity and the importance of the hazard categories and the desired outcome of the 
hazard identification process. A variation in the weights would alter the scores and ranking of the 
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individual chemicals. Another consideration is that the weightings cannot be transferred to other 
situations and are specific for this mine orientated procedure. Another limitation is that the scores 
are not directly proportional to the level of hazard and therefore the real values reflecting the 
severity of the hazards are lost. However, the GHS hazard statements apply to a range of hazard 
values and severities and therefore this approach does not diminish the reliability of the method. 
The integrity of the method is further retained by the use of the criteria-based assessment that 
accompanies the scoring system to ensure that the most severely hazardous chemicals and 
those of most concern to the mining industry are identified.  
The acute oral, dermal and inhalation toxicity scores of the chemicals were averaged so that the 
contribution from that hazard class was not over-weighted.  
The total hazard scores were placed in ranges of high, medium and low. The levels are given in 
Table 25. 
Table 25  Criteria for the different hazard levels 
Score Criteria Level of Hazard 
≥140 Majority of chemicals classified as ‘fatal’ and/or ‘CMR’. High 
70 to 139 
Majority of chemicals classified as harmful to human 
health or the environment or have unknown toxicities. 
Medium 
1 to 69 Majority of chemicals do not have a classification. Low 
 
These scores were normalised in order to fall within a fixed range of 1-100 comparable with the 
exposure scores developed in the following chapter 6. A linear equation : y = mx + c was applied 
to the scores to fix them between 1-100 as follows:   
Risk  
Normalised 
score 
range 
High  70 to 100  
Medium  40 to 60 
Low 1 to 30 
 
 
A worked example of how the original scores were fixed between certain values is given in box 1: 
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Box 1: Worked example of fixing original scores between certain values. 
 
 
 
 
 
 
 
 
 
 
6.4.2 Criteria based assessment 
The criteria-based assessment was incorporated in parallel to the scoring procedure, to monitor 
the sensitivity and robustness of the scoring system and to ensure that the severely hazardous 
chemicals are not screened out of the assessment. This system of alerts is also used to develop 
appropriate chemical management recommendations for chemicals after they have been 
subjected to the exposure assessment. The alerts are listed in  
Table 26. 
Table 26  Alerts to aid  hazard identification 
Alert Significance 
 Fatal Acute toxicity causes death if the substance is swallowed, inhaled, comes in contact with the skin.  
CMR* Known/ suspected to cause genetic defects; known/ suspected cause cancer; known/ suspected to damage fertility or the unborn child. 
Environmental hazard Very toxic to aquatic life; very toxic to aquatic life with long lasting effects. 
Explosive Explosive 
Priority Lists* Ingredient(s) is on priority list of chemical concern 
PBT  Persistent, Bioaccumulative and Toxic 
Unknown ingredient  Substance contains undisclosed ingredient  
Unknown hazard Unknown acute or aquatic acute toxicity.  
Example for High Score Level 
y = mx + c 
Normalised high score range (y): 100-70                Original high score range (x) 1100-
140                         
Δy = 30                 Δx = 960 
m = Δy/ Δx = 0.03125 
when y = 100 = (0.03125 x 1100) + c 
Therefore: c = 100 – 34.36 = 65.64. 
Equation for normalised high score =  65.64 + (0.03125 x original high score) 
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*CMR – Carcinogenic, Mutagenic, Reproductive toxin. 
*Priority Lists refer to DEFRA, Swedish Observation List, US EPA, ECHA, Water Framework Directive, 
and OSPAR lists. Chemicals on these lists await review because of their hazardous properties, and 
this may result in a restriction on their use or a total ban of their use.  
It is important to use a screening process that incorporates hazard identification of all of the 
individual components in a formulation because the classification of the final product may not 
reflect the properties of individual ingredients. Although the quantities of such substances may be 
negligible, being aware of, and communicating the hazardous properties of any components is 
important especially where components in a formulation are on priority lists and their use may be 
restricted or banned.   
A chemical risk screening system for the mining industry requires a systematic approach to 
identify which chemicals and ingredients in product formulations are on priority lists, or are likely 
to be in the future, as a result of their hazardous properties. Additionally, the system should 
screen situations in which the chemicals are used, in order to determine the most high risk 
scenarios, so that appropriate measures can be taken to prevent accidents.  
6.5  Case Study Applications (Results) 
The results of the assessment are presented in five  parts: i) Data source selection results (6.5.1); 
ii) Chemical ranking based on scores (6.5.2);  iii) the distribution of the hazard classifications for 
each mining operation (6.5.3);  iv) distribution of hazard classifications for each type of chemical 
(6.5.4). 
6.5.1.Data Source Selection Results  
It was important to use the most up to date hazard information about the chemicals investigated 
to ensure a high data quality and accuracy. The following hierarchy of decisions was made for 
data retrieval: 
-The current MSDS was retrieved from the chemical manufacturer’s website, and if available, the 
MSDS relevant to the country in which the chemical is used. Otherwise the MSDS relevant to the 
EU was used so that the information was easy to input into the hazard database developed 
which used similar classification categories.  
- -If the MSDS was not available, the manufacturer was contacted (sometimes requiring 
several attempts, especially in the case of small manufacturers). 
- If the details of a small manufacturer could not be retrieved from the internet or 
elsewhere, the mining company was contacted, and the MSDS they have on file, or the 
one that had been transcribed into the company’s MSDS format was used. 
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- If the MSDS was unattainable, the photograph of the labelling on the container was used 
to identify the components in the formulation and the hazard information for the individual 
components was researched.  
- In some cases for example, if the MSDS was not retrievable or if the product was no 
longer available, the MSDS for a similar product was used. 
- If no information about chemical components or hazard classifications could be obtained, 
the products were eliminated from the rest of the assessment. 
A summary of the decision making process and the hierarchy of MSDS data quality from point 1 
having all the required hazard information, to point 6, where no hazard information was 
retrievable, is given below: 
1.Country specific current MSDS from the manufacturer. 
2.MSDS on mining company’s file. 
3.Mining company’s transcribed MSDS. 
4.Label with ingredients from photograph. 
5.MSDS of a similar product. 
6.No retrievable hazard information –excluded from further assessment . 
The list of chemicals observed on each site was used to give a snapshot of  the type of  
chemicals used, their hazardous properties, volumes used, use patterns and their exposure 
controls, as a basis for designing a risk framework to accommodate the range of chemicals used 
in mining operations.  
6.5.2 Results of chemical ranking 
The total number of different chemicals identified across the mining operations was 850. The 
distribution of high, medium and low hazard levels as defined in Table 27 is as follows: 
Table 27 Number of chemicals in each hazard level  
Hazard Level No. of 
chemicals 
Percentage of 
total (%) 
High 89 10% 
Medium 234 27% 
Low 527 62% 
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Chemicals in the highest hazard category accounted for 10% of the total. The original high score 
for these chemicals was over 140 and the majority were severely hazardous to human health 
acutely or chronically. The largest proportion of chemicals (62%) however had scores in the low 
hazard category, consistent with their classification according to the MSDSs as not severely 
hazardous. Twenty-seven percent of chemicals are in the medium level. Majority of these contain 
chemicals with unknown toxicities, reflecting  the uncertainty of their hazardous nature.  
The top twenty highest scoring chemicals are listed in  
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Table 28. Both the original scores and normalised scores are listed, together with the details of 
the hazard classifications. The results of the criteria based assessment are also given. (Hazard 
classification details for the 850 chemicals with original scores are given in Appendix C). 
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Table 28  Top twenty hazardous chemicals 
Rank 
No. 
Chemical Total 
score 
Normalised 
total score 
Details of Hazard Classification Criteria Bases 
Hazard Alerts 
 WORST-CASE 1100 100 
 Fatal, CMR, 
Environmental 
Hazard,  
Explosive 
1 Potassium Dichromate 565 83 
Toxic if swallowed ; Harmful in contact with skin ; Fatal if 
inhaled; Causes severe skin burns and eye damage; May 
cause allergy or asthma symptoms or breathing 
difficulties if inhaled ; May cause genetic defects ; May 
cause cancer ;May damage fertility or the unborn child ; 
Causes damage to organs through prolonged or repeated 
exposure ;Very toxic to aquatic life ; Very toxic to aquatic 
life with long lasting effects; May intensify fire; oxidiser 
Fatal, CMR, 
Environmental 
Hazard, 
Priority List. 
2 
Sodium 
Dichromate 
dihydrate 
557 83 
Toxic if swallowed; Harmful in contact with skin; Fatal if 
inhaled; Causes severe skin burns and eye damage; May 
cause allergy or asthma symptoms or breathing 
difficulties if inhaled;  May cause genetic defects; May 
cause cancer; May damage fertility or the unborn child; 
Causes damage to organs through prolonged or repeated 
exposure ;  Very toxic to aquatic life;  Very toxic to 
aquatic life with long lasting effects; May intensify fire; 
oxidiser 
Fatal,  CMR, 
Environmental 
Hazard, 
Priority List 
3 Nickel Sulphate 473 80 
Harmful if swallowed;  Harmful if inhaled;  Causes skin 
irritation ;May cause an allergic skin reaction; Suspected 
of causing genetic defects; May cause cancer ; May 
damage fertility or the unborn child; Causes damage to 
organs through prolonged or repeated exposure;  Very 
toxic to aquatic life; Very toxic to aquatic life with long 
lasting effects 
 CMR, 
Environmental 
Hazard 
4 Potassium Chromate 418 79 
Unknown toxicity; Causes skin irritation; Causes serious 
eye irritation; May cause allergy or asthma symptoms or 
breathing difficulties if inhaled;  May cause genetic 
defects; May cause cancer; May cause respiratory 
irritation; Very toxic to aquatic life; Very toxic to aquatic 
life with long lasting effects 
Fatal, CMR, 
Environmental 
Hazard, 
Priority List 
5 
Cobalt(II) 
Sulphate 
heptahydrat
e 
380 78 
Harmful if swallowed; May cause allergy or asthma 
symptoms or breathing difficulties if inhaled; Suspected of 
causing genetic defects; May cause cancer; May damage 
fertility or the unborn child; Very toxic to aquatic life with 
long lasting effects 
 CMR, 
Environmental 
Hazard, 
Priority List 
6 Booster 400g 380 78 
Harmful if swallowed; Harmful if inhaled; Suspected of 
causing genetic defects; Suspected of causing cancer; 
May cause harm to breast-fed children; Very toxic to 
aquatic life; Very toxic to aquatic life with long lasting 
effects; Explosive;fire or Prjection hazard 
CMR, 
Environmental 
Hazard, 
Priority List 
7 Mercury 360 77 
Fatal if inhaled; May damage fertility or the unborn child; 
Causes damage to organs through prolonged or repeated 
exposure; Very toxic to aquatic life;  Very toxic to aquatic 
life with long lasting effects; Experimental BCF≥ 500 
Fatal, CMR, 
Environmental 
Hazard 
8 
ICP Multi-
element 
standard 
solution IV 
346.66
67 77 
Harmful if swallowed; Toxic in contact with skin;  Harmful 
if inhaled; Causes severe skin burns and eye damage;  
May cause an allergic skin reaction;  May cause cancer;  
May damage fertility or the unborn child; May cause 
damage to organs through prolonged or repeated 
exposure; Toxic to aquatic life with long lasting effects 
 CMR 
9 Lead Acetate 287 75 
Suspected of causing cancer; May damage fertility or the 
unborn child;  May cause damage to organs through 
prolonged or repeated exposure; Very toxic to aquatic 
life; Very toxic to aquatic life with long lasting effects 
CMR, 
Environmental 
Hazard 
10 Mercury (II) thiocyanate 275 74 
Fatal if swallowed; Fatal in contact with skin; Fatal if 
inhaled; May cause damage to organs through prolonged 
or repeated exposure; Very toxic to aquatic life; Very toxic 
to aquatic life with long lasting effects; Contact with acids 
liberates toxic gas 
Fatal, 
Environmental 
Hazard 
11 Arsenic Standard 272 74 
Harmful if swallowed; Harmful if inhaled; May cause 
cancer; Very toxic to aquatic life;  Very toxic to aquatic life 
with long lasting effects 
CMR, 
Environmental 
Hazard 
12 Phenolphthalein 262 74 
Unknown acute oral toxicity;  Suspected of causing 
genetic defects;  May cause cancer;  Suspected of 
damaging fertility or the unborn child; Unknown acute 
aquatic toxicity 
CMR, Priority 
List 
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Table 28 (cont) Top twenty hazardous chemicals 
Rank 
No. 
Chemical Total 
score 
Normalised 
total score 
Details of Hazard Classification Criteria Bases 
Hazard Alerts 
13 Potassium Cyanide 262 74 
Fatal if swallowed; Fatal in contact with skin ; Fatal if 
inhaled; Very toxic to aquatic life; Very toxic to aquatic life 
with long lasting effects ; Contact with acids liberates 
toxic gas 
Fatal, 
Environmental 
Hazard 
14 Wagner – Brake Fluid 260 74 
Harmful if swallowed; Harmful in contact with skin; 
Causes skin irritation; Causes eye irritation; May damage 
fertility or the unborn child; May cause respiratory 
irritation; Causes damage to organs through prolonged or 
repeated exposure 
CMR, Priority 
List 
15 Vinylester Resin 239 73 
Harmful if swallowed; Causes skin irritation; Causes 
serious eye irritation; May cause an allergic skin reaction;  
Suspected of causing genetic defects; Causes damage to 
organs through prolonged or repeated exposure; May be 
fatal if swallowed and enters airways; Toxic to aquatic 
life; Highly flammable liquid and vapour 
CMR 
16 Aero 9887 Promoter 234 73 
Harmful if swallowed; Causes skin irritation; Causes 
serious eye irritation; May cause an allergic skin reaction; 
Very toxic to aquatic life; Very toxic to aquatic life with 
long lasting effects;  Combustible liquid; Contact with 
acids liberates toxic gas 
Environmental 
Hazard 
17 Sendep 30D 234 73 
Harmful if swallowed; Causes skin irritation; Causes 
serious eye irritation; May cause an allergic skin reaction; 
Very toxic to aquatic life; Very toxic to aquatic life with 
long lasting effects;  Combustible liquid; Contact with 
acids liberates toxic gas 
Environmental 
Hazard 
18 Karbasol 232 73 Harmful if swallowed; Fatal if inhaled; May cause cancer;  Toxic to aquatic life; Estimated (QSAR) Log Kow < 4 
Fatal, CMR 
19 Snail Ban 232 73 Harmful if swallowed; Fatal if inhaled; May cause cancer;  Toxic to aquatic life; Estimated (QSAR) Log Kow < 4 
Fatal, CMR 
20 
Alkaline 
Cyanide 
Reagent 
228.66
67 73 
Fatal if swallowed; Toxic in contact with skin; Toxic if 
inhaled; Causes serious eye damage; Toxic to aquatic 
life; Toxic to aquatic life with long lasting effects;  Contact 
with acids liberates toxic gas 
Fatal 
 
The hazard classification details of the theoretical worst-case chemical are not given in the table, 
but it contains the most severe classification for every hazard class. The scoring system 
identified the most hazardous chemical used across the mining operations to be potassium 
dichromate. It has severe acute and chronic toxicities both to human health and the environment 
and also has fire intensifying properties. The criteria-based assessment also identified the 
severely hazardous properties of this compound. Sodium dichromate is the second most 
hazardous chemical and nickel sulphate, the third. The original scores show clear distinctions 
between the chemicals. The top twenty hazardous chemicals also have a notable hazard 
identified by the criteria-based assessment, which validates their ranked positions. One-hundred 
and sixteen chemicals fall within the high hazard level, accounting for 11 % of the total chemicals 
assessed.  
 
6.5.2.1 Ranking by criteria-based assessment 
The sensitivity of the scoring system was validated by comparing it with the results of the criteria-
based assessment. The success of the assigned weights and scores to the hazard categories 
and subcategories respectively, is highlighted by examining the relationship between the criteria-
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based results and the scoring system. Tables 29-32 show the percentage contribution of the 
corresponding hazard scores to the overall original scores for chemicals classified as fatal 
through exposure (table 29), acute aquatic toxicity (table 30) chronic aquatic toxicity (table 31) 
and explosive properties (table 32): 
     Table 29 Chemicals fatal through oral ingestion/inhalation/dermal contact (high hazard level) 
Chemical Total Score Percentage contribution of acute toxicity (LD50≤ 50mg/kg) (%) 
WORST-CASE  1100 9 
Potassium Dichromate    565 14 
Potassium Chromate  418 16 
Mercury  360 28 
Mercury (II) thiocyanate 275 36 
Potassium Cyanide 262 38 
Karbasol 232 34 
Snail Ban  232 34 
Alkaline Cyanide Reagent   229 38 
RTU Oxine WT  170 59 
Tetrabromoethane  143 70 
Hydrofluoric Acid (40%)  142 70 
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Table 30  Chemicals classified as very toxic to aquatic life (high hazard level) 
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 Table 30 (cont) Chemicals classified as very toxic to aquatic life (medium and low hazard 
levels) 
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Table 31 Chemicals classified as very toxic to aquatic life with long lasting (chronic) effects 
(high and medium hazard levels) 
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Table 32  Chemicals that have explosive properties 
Chemical Total Score Percentage contribution of explosive properties (%) 
Details of full 
classification 
HIGH HAZARD LEVEL  
WORST-CASE 1100 9 - 
Booster 400g 380 21 
Harmful if swallowed and 
inhaled; suspected 
carcinogen and mutagen; 
may cause harm to 
breast-fed children; 
acutely and chronically 
toxic to aquatic 
environment; explosive 
    
Pent 182 55 
Unknown acute and 
toxicity to humans and 
aquatic environment; 
explosive 
    
IED 180 44 
Causes skin and eye 
irritation; suspected 
carcinogen; explosive; 
may cause fire 
    
Anfo Silos 153 52 
Harmful if swallowed; 
unknown acute aquatic 
toxicity 
    
Dinamitas Semigelatinas 152 66 Unknown acute toxicity to 
humans and environment 
MEDIUM HAZARD LEVEL 
Synergy Silos (P700) 103 77 
Causes skin and eye 
irritation risk of fire and 
explosion 
 
Tables 29-32 show a general trend that as as the overall orginal scores decrease, the 
contribution from the specific hazard scores increases and becomes more significant to the level 
in which the chemicals fall. This is expected because of the assigned weightings of the particular 
hazard categories. This indicates the reasons for the ranked position and the hazard levels in 
which they were placed. The relationship between the percentage contribution of these hazard 
categories and the overall score is further graphically represented in figures 15-18.   
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Figure 15 Chart showing percentage contribution of fatal hazard scores to the overall scores 
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Figure 16 Chart showing percentage contribution of environmental hazard scores (acute 
aquatic toxicity)  to the overall scores 
 
Figure 17 Chart showing percentage contribution of environmental hazard scores (chronic  
aquatic toxicity)  to the overall scores 
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Figure 18 Chart showing percentage contribution of explosive scores to the overall scores 
Figures 15 - 18 show that the general trend is consistent for all the criteria-based assessment 
categories, due to their higher weightings. For example, the acute toxicity hazard class was given 
a weighting of ten and therefore made a significant contribution to the total score.  The 
hazardous nature of the RTU Oxine, Tetrabromoethane and hydrofluoric acid (given in figure 15) 
are driven by the acute toxicity values (more than 50% contribution) and this is the reason they 
are within the high hazard level. This data is also informative in the example of the explosives 
(figure 18)  as the overall score increases, the percentage contribution of the explosive score 
decreases, indicating that these explosives have other hazardous properties (confirmed by 
classification details in table 32). This is an important consideration as the application of 
explosives can lead to widespread exposure of these hazardous properties to humans and the 
environment.   
The chemicals with CMR properties were not chosen to illustrate the relationship between the 
total scores and the specific hazard score contributions, because the carcinogenic, mutagenic 
and reproductive toxic categories were considered together in the criteria-based assessment and 
therefore the scores are more variable. The results of the criteria-based assessment of 
chemicals with CMR properties is given in tables 33  and 34. This highlights the importance of 
the criteria based assessment to identify all chemicals with severe classifications and prevent 
chemicals with certain properties from being screened out because of low scores. This 
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complements the scoring system that allows the most severe CMR classifications to be ranked.  
The values in tables 33 and 34 are additive and are not averaged, because each of the 
carcinogenic, mutagenic and reproductive toxin hazard classes are important.  
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Table 33  Chemicals with CMR properties (high hazard level) 
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Table 34 (cont) Chemicals with CMR properties (medium and low hazard level) 
 
 
The third important feature of the criteria based assessment is to identify ingredients within 
formulations that are on regulatory priority lists that may be eventually restricted or removed from 
the market as result of their hazardous properties. This information is important in terms of the 
status of products manufactured by companies, but is equally important to multinational 
companies in order to apply a universal standard of chemical management using the most 
stringent criteria, regardless if the substance is considered priority for evaluation in the country of 
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operation. This ensures that the health and safety of all employees throughout a company is 
protected by the highest regulatory standards. Although the severe hazardous properties would 
have already been identified by this system, the criterion of identifying priority list substances is 
important to a chemical procedure tailored for the mining industry.  
The regulatory lists against which the ingredients were cross-checked are given in table 35, 
along with the criteria by which they are assessed for inclusion in the lists.  For the criteria based 
assessment in this methodology, the chemicals were identified by a qualitative search and not by 
the assigned scores. The results of chemicals with ingredients on priority lists found across the 
mining operations are given in table 36. 
Table 35 Summary of criteria for each priority list   
 Priority Lists 
 
Banned 
Chemicals 
ECHA’s Substance 
of very high concern 
(SVHC) (Candidate) 
List 
OSPAR List of 
Chemicals for 
Priority Action 
Stockholm 
Convention on 
POPs List 
ChemSec SIN 
List 
Area of 
Protection 
NA Human health and the environment Marine life 
Human health 
and the 
environment 
NGO that puts 
pressure on 
legislators to 
move forward 
with speed and 
urgency 
 
Criteria 
Chemicals already 
banned in other 
countries or 
production has 
been voluntarily 
ceased. 
CMR 
PBT 
Equivalent concern 
(eg. endocrine 
disruptor) 
PBT 
PBT 
Move long 
distance in the 
environment. 
ECHA’s SVHC 
 
Table 36 Chemicals on regulatory priority lists (high hazard level) 
Chemical 
Total 
Score 
Priority List 
HIGH HAZARD LEVEL 
Potassium Dichromate 565 ECHA's list of substances subject to authorisation (Annex XIV of REACH)  (ECHA, 2011) 
Sodium Dichromate 
dihydrate 557 
ECHA's list of substances subject to authorisation (Annex XIV of REACH)  
(ECHA, 2011) 
Potassium Chromate 418 ECHA's list of substances subject to authorisation (Annex XIV of REACH)  (ECHA, 2011) 
Booster 400g 380 
Dinitrotoluene 
ECHA's list of substances subject to authorisation (Annex XIV of REACH)  
(ECHA, 2010) 
Cobalt(II) Sulphate 
heptahydrate 380 
ECHA's list of substances subject to authorisation (Annex XIV of REACH)  
(ECHA, 2011) 
Phenolphthalein 262 ECHA's list of Substances of Very High Concern (ECHA, 2011) 
Rema - Tip Top -  Cemento 
SC 2000 185 
Trichloroethylene 
ECHA's list of Substances of Very High Concern (ECHA, 2010) 
Dura Paints - Alert Orange 170 
Lead chromate molybdate sulphate red (C.I. Pigment Red 104) and Lead 
sulfochromate yellow (C.I. Pigment Yellow 34) 
ECHA's list of substances subject to authorisation (Annex XIV of REACH)  
(ECHA, 2010) 
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Table 36 (cont) Chemicals on regulatory priority lists (medium and low hazard level) 
 
Chemical 
Total 
Score 
Priority List 
MEDIUM HAZARD LEVEL 
Sodium Tetraborate 125 ECHA's list of Substances of Very High Concern (ECHA, 2010) 
Ecolab - Solvent 
Degreaser 123 
Trichloroethylene and Perchloroethylene 
ECHA's list of substances subject to authorisation (Annex XIV of REACH)  (ECHA, 2010) 
Gramoxone - Super 115 Paraquat Dichloride banned in the European Union since July 2007, (European Commission, 2007) 
Agil 100EC 108 Naphthalene Water Framework Directive (2000/60/EC) (European Commission, 2008) 
Boric Acid 102 ECHA's list of Substances of Very High Concern (ECHA, 2010) 
Farmon 87 Paraquat Dichloride banned in the European Union since July 2007, (European Commission, 2007) 
Durall Fine Line 77 
Nonylphenol 
The OSPAR List of Chemicals for Priority Action (OSPAR Commission, 2009a); ChemSec 
Sin List (ChemSec, 2010);  ECHA’s list of Restriction proposals, (ECHA, 2011)  
Fluororad- Mist Control 
Agent- FC 1100 75 
PFOS 
In Annex A of the Stockholm Convention on POPs (OECD, 2007) 
LOW HAZARD LEVEL 
Magnaflux -Spotcheck- 
SKL-SP1- Penetrant 57 
Diisononyl Phthalate 
ChemSec Sin List (ChemSec, 2010) 
Buffer Solution pH 10 38 Sodium Tetraborate ECHA's list of Substances of Very High Concern (ECHA, 2010) 
Induce pH - 900SL 22 
Nonylphenol Ethoxylate 
The OSPAR List of Chemicals for Priority Action (OSPAR Commission, 2009a); ChemSec 
Sin List (ChemSec, 2010);  ECHA’s list of Restriction proposals, (ECHA, 2011)  
 
6.5.3 Distribution of hazard classifications for the three mining operations 
The majority of chemicals have more than one hazard classifications and therefore the absolute 
number of chemicals is not represented in these analyses. Graphs (19-33) show the number of 
chemicals per GHS/CLP classification categories pertaining to human health/ environment/ 
safety hazards for each mine site.  In the case of copper, three separate areas in the mine site 
are considered.   
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Human health hazards 
 
Figure 19  Number of chemicals per human health hazard on copper mine area 
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Figure 20  Number of chemicals per human health hazard on copper flotation area 
 
 
Figure 21 Number of chemicals per human health hazard on copper smelter area 
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Figure 22 Number of chemicals per human health hazard on platinum mine 
 
 
 
Figure 23 Number of chemicals per human health hazard on coal mine 
Across all the mining operations, a significant number of chemicals had a skin corrosion/irritation 
classification. It was the most common hazard for chemicals used at the copper mine area (figure 
19) the copper flotation plant area (figure 20) and the platinum operations (figure 22).  It was the 
also second most common category for chemicals used at the copper smelter (figure 21) and 
coal operations (figure 23) after chemicals with unassigned acute toxicity endpoints. Chemicals 
with serious eye damage/eye irritation classifications was also a common across all mining 
operations.  
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 Environmental hazards 
 
Figure 24 Number of chemicals per environmental hazard on copper mine area 
 
 
Figure 25  Number of chemicals per environmental hazard on copper flotation area 
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 Figure 26 Number of chemicals per environmental hazard on copper smelter area 
The environmental hazard common to most of the chemicals used across all three operations is 
unknown acute aquatic toxicity, followed by chemicals that are acutely toxic to the aquatic 
environment.  
 
 
Figure 27 Number of chemicals per environmental hazard on platinum site 
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Figure 28 Number of chemicals per environmental hazard on coal site 
The acute aquatic toxicities and the chemicals with unknown toxicities were the most common 
classification for all three case study mine operations.  
 
Physical (safety) hazards 
 
Figure 29 Number of chemicals per safety hazard on copper mine area 
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Figure 30  Number of chemicals per safety hazard on copper flotation  area 
 
 
 
Figure 31 Number of chemicals per safety hazard on copper smelter area 
 
 
 
Figure 32 Number of chemicals per safety hazard on platinum mine 
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Figure 33 Number of chemicals per safety hazard on coal mine  
The most common safety hazard classification for the chemicals used in all three mine 
operations is flammable, followed by oxidising. The order is reversed however for the copper 
smelter. The copper mine area has the largest range of safety hazard classifications.  
 
6.5.4 Combined distribution of hazard classifications for each chemical 
type/workspace  (for all operations) 
 
Laboratory  
 
Figure 34 Number of combined chemicals per GHS classifications located in laboratories.   
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For the chemicals used in the laboratories, the most common hazard classification is that of  
unknown acute aquatic toxicity, followed by skin corrosion/irritation. The most common safety 
hazard classification is chemicals that are oxidising.  
 
Mechanical Maintenance  
 
Figure 35 Number of combined chemicals per GHS classifications located in mechanical 
maintenance workshops 
The mechanical maintenance products follow the same trend with majority of the chemicals 
having unknown acute aquatic toxicities and, causing skin corrosion/irritation and acutely toxic to 
the aquatic environment.  The most common safety hazard classification is chemicals that are 
flammable.   
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Cleaning Products 
 
Figure 36  Number of combined chemicals per GHS classifications for cleaning products 
Acute aquatic toxicity, unknown acute oral toxicity and serious eye damage/eye irritation feature 
in majority of the cleaning products.  
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 Paints 
 
Figure 37 Number of combined chemicals per GHS classifications for paints 
The paints have similar trends in classifications with many chemicals having unknown acute 
aquatic and acute oral toxicities. Several of these chemicals are also flammable.  
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Gardening Chemicals  
 
Figure 38 Number of combined chemicals per GHS classifications for gardening chemicals  
Majority of the gardening chemicals have acute aquatic and acute oral toxicities.   
 
 Cathode/Water Treatment Reagents 
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Figure 39 Number of combined chemicals per GHS classifications located in cathode and 
water treatment plants. 
The most common hazard classification amongst cathode plant/water treatment plant reagents  
acute aquatic toxicity and skin corrosion/irritation, followed by serious eye damage/eye irritation.    
 
Flotation Reagents  
 
Figure 40 Number of combined chemicals per GHS classifications located in  flotation plants. 
Several flotation reagents have poor degradability (persistence) and these chemicals can cause 
skin corrosion/irritation, although the quantity of chemicals is low.   
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Criteria based assessment alerts  
 
Figure 41 Distribution of chemicals with severe hazardous properties per workspace 
The bar chart in figure 41 shows that the majority of chemicals with a classification of fatal 
through oral ingestion/inhalation/dermal, are analytical chemicals located in the laboratories. The 
majority of chemicals that have CMR properties, and the most severe environmental hazards are 
also located in the laboratories. Mechanical maintenance products includes the second highest 
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number of chemicals with CMR properties and the third highest with environmental hazards. 
Gardening chemicals have a large number of products containing chemicals with the potential to 
cause severe effects to the environment. Thirty-eight different gardening chemicals were 
identified, and 3% were severely dangerous for the environment.  Chemicals with explosive 
properties were used solely for blasting purposes. Four of the explosives also had CMR 
properties and one of these contained an dinitrotoluene,  currently on ECHA’s list of substances 
subject to authorisation (Annex XIV of REACH)  (ECHA, 2010). The chemical types that had the 
largest quantity of chemicals (or products with ingredients) on priority lists were found in the 
laboratories and mechanical maintenance workshops.  
Although the laboratories contain the majority of the most hazardous chemicals, they have strict 
exposure controls in place to minimise the risk of harm to workers. Mechanical workshops in 
general, do not benefit from the same level of stringency with regards to chemical exposure 
controls such as mechanical extraction systems. Therefore, although the chemicals are not as 
severely hazardous as in laboratories, there is still a significant number of chemicals with CMR 
properties and thus the risk of harm occurring to the workers is more probable if not handled 
properly. 
The risk of harm to humans and the environment can only be understood better after assessing 
the exposure or looking at the exposure pathways. The exposures to these chemicals are 
explored in the following chapter.  
 
6.6 Discussion  
The purpose of this hazard assessment stage was to differentiate between the chemicals in 
terms of their hazards so that they could be ranked. This was achieved by scoring the intrinsic 
hazards, weighting them and ensuring that severely hazardous chemicals were not scored 
inappropriately, by using a simultaneous criteria- based assessment. 
 
Success of methodology  
The scoring system allowed chemicals to be distinguished by their hazards, so that they could be 
grouped to facilitate chemical management. An evaluation of hazard levels (high, medium and 
low) indicate that the level-defining criteria were well assigned. Levels were assigned to 
differentiate between chemicals with high, medium and low hazards. The value of segregating 
the chemicals at this stage is to define their hazards to combine with their exposure details, 
which are discussed in the following chapter. The chemicals were distinguished by the hazard 
classifications and not with intrinsic values such as the LD50 values because the hazard 
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classifications cover a range of values.  The success of this stage of the methodology is 
evaluated by comparing the hazard level-defining criteria by the results of the scoring system. 
The proportion of chemicals that fulfil the criteria in each hazard level, and the classifications of 
the remaining chemicals is shown in figure 42.  
 
Figure 42  The relationship between the original level criteria and the results of the analysis  
 
 
Figure 43  Distribution of criteria based assessment alerts for each hazard level  
The majority of the high hazard chemicals have a fatal and/or CMR classification and therefore 
the scoring system is successful. This appropriateness of the cut-off points of the scores 
between the levels is reinforced by figure 43 that shows how the severe hazards (alerts identified 
by the criteria-based assessment) were distributed amongst the high, medium and low hazard 
levels. The graph shows that all the chemicals classified as ‘fatal’ were in the high level as were 
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the majority of chemicals with CMR properties, dangerous to the environment and explosive.  
The medium hazard level chemicals are toxic/harmful to human health and/or the environment 
and/or have unknown toxicities. The results show that the majority of chemicals with original 
scores between 70 and 139 fulfilled these requirements. The initial screening system was 
therefore able to identify and segregate the most hazardous chemicals used on the mine site for 
further analysis. This does not indicate that the chemicals in the low hazard level can be 
regarded as safe, but instead are chemicals with less severe hazards. This is supported by the 
fact that only 20% (108 of total of the 529) of the chemicals in the low level do not have a hazard 
classification. Interestingly a larger number of chemicals in this level have unknown hazards 
where the LD50 values were absent, indicating that the non-classified status of the chemicals was 
not justified by the data presented. This could also suggest that the score levels between 
medium and low hazards were not distinctive enough, but as this stage of assessment was 
designed to indicate the most hazardous chemicals, an absolute indication of hazardousness 
was not required.  
Analysis of the results show that the criteria based assessment complemented the numerical 
scoring system by highlighting the most severe and chemical hazards for the mining industry. 
The scoring system then allowed the details of these hazards to be focussed and analysed by 
their numerical values.  The criteria based system also provides a safety net to for chemicals not 
distinguished by the scoring system. Figure 43 shows that chemicals with CMR properties, 
environmental hazards and those with ingredients on regulatory lists were also in the low hazard 
category, but were identified by the criteria-based assessment.  
The reason that not all chemicals containing CMR ingredients were in the high hazard level is 
because the CMR classifications may have been in a lower category of severity, or may contain 
ingredients with concentrations that do not affect the overall classification of the product.  The 
method could be improved by adjusting the scores to reflect the concentration of the CMR 
ingredients, but a cautionary approach was applied in this hazard assessment stage and all the 
ingredients in a product were cross checked against hazard databases.  
 
Significance of results   
The hazard classifications of the chemicals were arranged by human health, environment and 
safety hazard classes and were analysed for each mining operation studied. In terms of human 
health classifications all the three sites had chemicals in each of the hazards. Across all three 
sites, the majority of the chemicals had classifications in the skin corrosion/irritation hazard class. 
Other common classifications were serious eye damage/eye irritation, and a large number of 
chemicals had unassigned acute toxicity endpoints. The coal site was found to have the greatest 
number of chemicals per classification. In terms of environmental hazards, acute aquatic 
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toxicities and the chemicals with unknown toxicities were the most common classification for all 
three case study mine operations. The copper mine area has the largest range of safety hazard 
classifications, with the most common classification of chemicals being flammable and oxidising.  
The chemicals across the three mining operations were then combined and the hazards 
arranged per chemical type, which reflected the workspaces:  analytical chemicals; mechanical 
maintenance products; cleaning products; paints; gardening chemicals; cathode/water treatment 
reagents; flotation reagents.  
6.7 Conclusion 
The numerical scoring system coupled with a criteria-based assessment and the defined hazard 
levels was successful in identifying the most hazardous chemicals used  across all three mine 
efficiently. The three most hazardous chemicals were potassium dichromate, sodium dichromate 
and nickel sulphate.  All three chemicals are known carcinogens and reproductive toxins. The 
analysis also highlighted the most ubiquitous hazards and where the most severely hazardous 
chemicals were located. The laboratories have the majority of chemicals with CMR properties, 
and the chemicals which have the most severe environmental hazards. Mechanical maintenance 
products used in workshops account for the second highest number of CMR chemicals, and  had 
the third highest for environmental hazards. This information can be used to focus chemical 
management decisions for the mining industry and other industries that use a similar range of 
chemicals.  
This chapter defines how the data collected in the form of photographic identification of the 
chemicals and the corresponding MSDSs were utilised to score, rank and identity the chemical 
hazards of most concern to the mining industry. The impact of these hazards cannot be 
adequately understood until the exposure and exposure pathways are assessed and the risk 
from the use of these chemicals determined. The exposures to these chemicals are explored in 
chapter 7 in a similar manner of scoring and weighting the data in exposure categories tailored 
for the mining industry. Chemicals with the most widespread exposure will be identified and 
conceptual models of the workspaces in which these chemicals are used will be developed to 
understand the interactions with the workers and the chemicals.  
The criteria-based assessment also highlighted chemicals with undisclosed ingredients and 
hazards. The extent of the undisclosed information and the impact it has on risk assessment is 
defined in chapter 8 and the information utilised in chapter 9 when the overall risk is considered.  
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CHAPTER 7: EXPOSURE ASSESSMENT 
 
7.1 Introduction 
The previous chapter identified, scored and ranked the intrinsic hazardous properties of the 
chemicals used across the mining operations. The next stage of the risk framework is the 
exposure assessment of the chemicals in relation to their use pattern, the quantity used and the 
exposure controls that are in place. Many commercially available chemicals used on mine sites 
are generally used more frequently and in larger quantities and for a longer period of time, 
alongside a range of other chemicals, some of which are household chemicals with the potential 
for interactions. Additionally more people may be exposed to a range of chemical mixtures, in a 
working environment. It is therefore imperative to determine the mine-specific exposures to 
chemicals and understand the range of interactions in the workspaces in which they are used. 
Although product use is more regulated in workplaces than households, occupational exposure 
could potentially leave the company/industry liable for compensation in the case of damage to 
human health. 
The mine specific exposure assessment will be explored in terms of i) the data collection ii) the 
selection of exposure  categories iii) scoring approach iv) mine specific workspace exposures 
and  v) the results of the applied method.  
7.2 Data Collection  
In order to reliably estimate exposure, all of the exposure categories were selected before data 
collection, to prepare the exposure database (Chapter 5). To be able to estimate exposure of the 
chemicals efficiently, the direct surroundings of the chemicals were photographed and the 
manner in which the chemicals were stored, used and disposed of were recorded and the 
exposure controls noted. These observations were made in order to build up an understanding of 
the workspaces and to select mine-specific exposure assessment categories that would then be 
applied generically to all the chemicals. 
7.3 Selection of exposure categories for assessment 
The exposure assessment categories were selected from a variety of sources including  the 
literature review in chapter 4, the MSDSs,  the risk assessment conducted by one of the mining 
operations for its large volume  chemicals, as well as categories devised from the observations of 
workspaces to meet the needs of the mining industry. (The subcategories were developed after 
the site visits and the extent of the exposure ranges had been recorded).   
Table 37 lists the exposure categories used and their relative weightings.   
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Table 37 Exposure categories and relative weightings  
Weighting x10 x 1 x1 x1 
Category  
Health Health Environment  Safety 
Annual 
Quantity (a) 
State/Form of Matter 
(b)  
Route of disposal 
(b) 
Maximum Temperature 
of Conditions (oC) (a) 
Frequency of 
use  (a) 
Health route of 
exposure (b) 
Storage Control 
Measures (f) 
Storage Control 
Measures (f)  
 
Exposure Limit 
Compliance (b) 
Disposal Control 
Measures (f) 
Usage Control 
Measures (c,f) 
  
Operational 
Conditions (c) 
Storage Receptor 
(d) 
Disposal Control 
Measures (c,f)  
  
PPE worn as 
required by MSDS 
(d) 
Disposal Receptor 
(d) 
Incidents of accidents 
involving substance? 
(e) 
  Awareness (d)   
Safety Storage 
Receptor (d) 
  
Emergency 
procedures in place 
(e) 
  
Safety Usage Receptor 
(d) 
  
Part of Occupational 
monitoring 
programme? (e) 
  
Safety Disposal 
Receptor (d)  
  
Incidents of disease 
as a result of 
substance? (e) 
    
(a) Marquart et al., 2007; Hassim and Edwards, 2006. (b) MSDSS. (c) Booke, 1998. (d) 
Observation. (e) Mining operation’s risk assessment. (f) Khan et al., 2001.  
The reasons for the selection of the exposure categories and subcategories is discussed  below 
along with how the scores and weightings were derived.   
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Annual Quantity and Frequency  
The annual quantity refers to the estimated amounts of an individual chemical purchased by a 
mining operation per annum. The site visits revealed that the volumes of chemicals used ranged 
from grams per month for analytical chemicals to tonnes per day for reagents used in the plants 
around the mine.  The frequency refers to the occurrence of use on the mine sites and the range 
of categories were constructed from observations of usage.  These two categories are given a 
weighting 10 times higher than any other categories because they are the main determinants of 
exposure. This level of weighting is chosen so that these categories will have a significant 
contribution to the total score and the ranking of the chemicals.   
(a) Annual Quantity 
 
(b)Frequency 
Frequency 
No. Subcategories Score 
(a) Daily-Weekly = Frequent 10 
(b) Few times a month = moderate 7 
(c) As required = Occasionally 3 
(d) None at all 0 
 
 (c ) State of the chemical  
A combination of onsite observations and MSDS descriptions was used to choose the categories 
for chemical forms. The highest scores were assigned to these in which widespread particle 
dispersion was more probable, as in the cases of gases and aerosols.  
 
 
 
Annual Quantity 
No. Subcategories Score 
(a) <1 2 
(b) >1 - 10 Kg 4 
(c) >10 - 100Kg 6 
(d) >100 – 1000Kg 7 
(e) > 1000 - 500,000 8 
(f) >500,000- 1million 10 
(g) >1 - 5 million Kg ( 1000-5000 tonnes) 10 
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State/Form of Matter 
No. Subcategories Score 
(a) Gas 10 
(b) Aerosol 9 
(c) Liquid 7 
(d) Suspension 6 
(e) Powder 4 
(f) Paste 3 
(g) Solid 2 
 
(d) Route of exposure to humans 
The routes of exposure subcategories were selected from the MSDSs. The scores were 
assigned in terms of the likelihood of exposure so that inhalation had a higher score than other 
forms. The maximum score was also assigned for chemicals which stated that all routes of 
exposure were probable.  
Route of exposure to humans 
No. Subcategories Score 
(a) Inhalation 10 
(b) Inhalation,  Skin absorption, Eyes, Ingestion 10 
(c) Eyes 8 
(d) Skin Absorption 6 
(e) Ingestion 4 
(f) Injection 3 
(g) Not applicable 0 
 
 (e) Exposure Limit Compliance  
This category used the exposure concentration limits, from the MSDSs if available and estimated 
the concentration of the substance in the container. This was a simple measure of exposure to 
reflect if the short-term exposure limit would be exceeded if the entire contents of the container 
were  released. In the cases where the short-term exposure did not apply or was not available, 
the time-weighted average over 8 hours was used. As the chemical exposure criteria were 
generic to form part of the screening stage of the procedure  the exact concentration was not 
essential at this point.       
Exposure Limit Compliance 
No. Subcategories Score 
(a) Concentration in container is above exposure limit 10 
(b) Concentration in container above half exposure limit 7 
(c) Concentration in container below half exposure limit 4 
(d) Not applicable 0 
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(f) Operational Conditions 
The operational conditions were the exposure controls are in place. The highest scores were 
assigned to situations in which there was little or no ventilation, and the lowest scores for closed 
or partially closed systems that would reduce the likelihood of workers being exposed to the 
chemicals. 
Operational Conditions 
No. Subcategories Score 
(a) Closed/partially closed system 2 
(b) Extraction system 3 
(c) Ventilated area 5 
(d) Low ventilated area 10 
 
(g) Personal Protection Equipment (PPE) worn as required by MSDS   
This category compares the PPE requirements in the MSDSs with the actual situation observed 
on site. The observations were conducted per workspace  
PPE worn as required by MSDS 
No. Subcategories Score 
(a) All PPE worn 2 
(b) Some PPE as stipulated 6 
(c) No PPE 10 
(d) Not applicable 0 
 
(h) Awareness 
The sub categories for awareness were constructed from onsite observations   of any 
programmes in place, and other forms of chemical safety training.  Scores were assigned to 
indicate that chemical safety awareness can reduce exposure, 
Awareness 
No. Subcategories Score 
(a) Training programme in place for safe use of chemical in question 1 
(b) MSDS in storage and usage area 1 
(c) Reminders to wash hands before eating and smoking 1 
(d) No  awareness 10 
(e) Not applicable 0 
 
(i) Emergency procedures in place 
The emergency procedures in place were a reflection of common onsite chemical procedures. 
The score assigned reflects the extent to which exposure was reduced.  
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Emergency procedures in place 
No. Subcategories Score 
(a)  Antidote present when toxic chemical is being used 10 
(b) First-Aid kits present where chemicals are being used 8 
(c)  Safety showers 6 
(d) Chemical safety suit present 5 
(e) Other emergency procedures in place 4 
(f)) No emergency procedures in place 0 
(g) Not applicable 0 
 
(j) Part of Occupational Monitoring Programme?  
This category was taken from the risk assessment categories used by one of the operations for 
their bulk chemicals. Certain chemicals are part of a medical monitoring programme where 
exposure has a history of occupational diseases. A score of 10 is assigned to chemicals that are 
not monitored.    
 
(k) Incidents of illness as a result of substance? 
This category is also taken from the risk assessment of bulk chemicals. If the chemical has an 
incidence of causing illness on site, it is scored a 10 as the probability of harm occurring again 
increases.      
 
(l) Route of Disposal        
This category lists the mining-specific disposal routes with higher scores assigned to widespread 
environmental exposure and uncertain disposal. 
Route of Disposal 
No. Subcategories Score 
Part of Occupational Monitoring Programme? 
No. Subcategories Score 
(a) Yes 2 
(b) No 10 
(c) Not applicable 0 
Incidents of illness as a result of substance? 
No. Subcategories Score 
(a) No 2 
(b) Yes 10 
(c) Not applicable 0 
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(a) Salvage Yard/Designated area 2 
(b) Chemical Transformation 4 
(c) Tailings dam 5 
(d) Sink- tailings/backfill 6 
(e) Sink - municipal system 8 
(f) Residues taken off-site 9 
(g) Unknown 10 
(h) Not applicable 0 
 
(m) Storage/Disposal Control Measures 
 In this case ‘no containment’ was assigned to have the highest score and containment the 
lowest, since exposure to the environment was minimised. 
Storage/Disposal Control Measures 
No. Subcategories Score 
(a) Enclosed Area 1 
(b) Designed to prevent direct contact with animals 1 
(c) Designed to prevent infiltration to surrounding environment 1 
(d) Other containment 2 
(e) No containment 0 
 
(n) Storage Receptor 
Storage receptors were given a higher score if they are close to  soil and water.    
Storage Receptor 
No. Subcategories Score 
(a) Storage area is in close proximity to water 10 
(b) Storage area is in close proximity to soil 8 
(c) Not applicable 1 
 
(o) Disposal Receptor 
Similar criteria was used for disposal receptors, although animals were also included. 
Disposal Receptor 
No. Subcategories Score 
(a)  Disposal area is accessible to animals 10 
(b) Disposal area is in close proximity to water 8 
(c)  Disposal area is in close proximity to soil 7 
(d)  Not applicable 0 
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(p)  Relative Vapour Density 
The vapour density can affect the build-up of the chemicals in the air and in some cases  lead to 
explosions (Martel, 2004). Higher scores were assigned to chemicals with the highest vapour 
densities.   
 
Relative Vapour Density 
No. Subcategories Score 
(a) >1 10 
(b) 1 5 
(c) <1 1 
(d) Not applicable 0 
 
(q ) Vapour Exposure 
Exposure to vapours were scored so that contained vapours had a lower score. 
Vapour Exposure 
No. Subcategories Score 
(a) Open System (vapours exposed) 10 
(b) Closed system (vapours contained) 2 
(c) Not applicable 0 
 
(r) Maximum Temperature of Conditions 
Higher temperatures can lead to the ignition of flammable and heat activated substances. This 
can be particularly important where the chemicals used are in hot climatic conditions.  This is of 
particular importance for flotation reagents, where such conditions can lead to fires.    
Maximum Temperature of Conditions 
No. Subcategories Score 
(a)  <20 °C 4 
(b) <30°C 8 
(c)  <40°C 9 
(d) >40 °C 10 
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 (s) Safety Storage/Usage/Disposal control measures 
Safety control measures reduce the likelihood of accidents, and a lack of appropriate safety 
monitoring was assigned  the highest score. 
Safety Storage/Usage/Disposal control measures 
No. Subcategories Score 
(a) Fixtures appropriate for hazardous chemical storage (eg. explosion proof lighting, toxic gas detectors 
etc) 
1 
(b) Compatible storage of chemicals 1 
(c) Fire extinguishing equipment in close proximity 1 
(d) Fire prevention signs (eg. no smoking, no mobile phones etc). 3 
(e) Protection from environmental weathering (eg. enclosed, sheltered) 3 
(f) Safety monitoring not established 10 
(g) Not applicable 0 
 
 (t)  Safety Storage Receptor, (u) Safety Usage Receptor, (v) Safety Disposal Receptor 
These categories list the receptors (targets) and reflect the extent of  any catastrophe that might 
occur by considering the proximities of the chemicals to certain locations and populations.   
  
Safety Storage Receptor 
No. Subcategories Score 
(a) Storage area close to other flammable reagents 10 
(b)  Storage area close to wider community 
 
8 
(c) Storage area close to offices (or high concentration of workers) 6 
(d) Not applicable 0 
 
 (u) Safety Usage Receptor 
Safety Usage Receptor 
No. Subcategories Score 
(a) Usage area close to other flammable reagents 10 
(b)  Usage area close to wider community 8 
(c) Usage area has a high concentration of workers 6 
(d) Not applicable 0 
 
(v) Safety Disposal Receptor 
Safety Disposal Receptor 
No. Subcategories Score 
(a) Disposal area close to other flammable reagents 10 
(b) ) Disposal area close to wider community 8 
(c)  Disposal area close to offices (or high concentration of workers 6 
(d) Not applicable 0 
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7.4 Workspace Conceptual Models 
The scope of the information about the individual mining operations documented in chapter 5 
showed that the variation in exposure information that comes with site-specific operations can be 
grouped and processed in terms of typical workspaces, which will guide management decisions 
at a company level. 
The conceptual models of the workspaces will be defined by the physicochemical properties of 
the typical chemicals and their undisclosed information as well as the typical exposure controls 
used across the mining operations and chemical management observations. The workspaces 
define the conditions of known and unidentifiable chemical mixtures in order to understand the 
interactions that might occur with chemicals that pose a high risk of harm.  
Therefore workspaces are considered in two parts: i) to understand the extent of the exposures 
to typical chemicals in common locations (exposure assessment chapter); and ii) to establish the 
source-pathway-receptor linkage of the high risk chemicals and therefore characterise the risk of 
the workspace (risk characterisation chapter).  
The available literature shows that mixtures of chemicals can have deleterious effects which are 
unpredictable, even at concentrations below the occupational exposure limits of the individual 
components in the mixture. Studies by Feron and company (1995) showed that evidence of 
increased hazard occurs when combinations of chemicals were administered at the no observed 
adverse effect level (NOAEL) of each of the components, although exposures to the individual 
chemicals had no adverse effects (Feron et al., 1995). These findings and those of others show 
that illnesses following exposures to mixtures of chemicals cannot be attributed to any one 
component of the mixtures (Zeliger, 2008). Cases of reactive airways dysfunction syndrome 
(RADS) following exposure to mixtures of chemicals that did not contain compounds known to 
cause respiratory sensitization, have been reported by Brooks and company (1985). The 
following examples are relevant to mining areas as this study contains the same types of 
chemicals identified across the mining operations. Following the application of floor sealant 
containing a mixture of aliphatic and aromatic hydrocarbons and epichlorohydrin, a store clerk 
contracted RADS. Two painters were also affected after using a spray painting primer in an 
apartment. The primer contained a mixture of ammonia, aluminium chlorohydrins and 
unidentified additives (Brooks, Weiss & Bernstein, 1985).  
The main reason for the absorption of increased quantities of chemicals is the combination of 
lipophilic and hydrophilic components in formulations. This is because lipophilic species facilitate 
the absorption of hydrophilic species through lipophilic membrane barriers, and can therefore 
enhance absorption through the skin or by inhalation or ingestion. A lipophilic chemical is one 
that is preferentially soluble in less polar species. A hydrophilic chemical shows preferential 
solubility for more polar substances. The lipophilic: hydrophilic mixtures induce toxic effects by 
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absorbing and transporting greater quantities of toxic chemicals to their ultimate sites of action 
(Zeliger, 2008). The inhalation of formaldehyde and xylene results in formaldehyde reaching 
lower airways than would happen if formaldehyde is inhaled alone, because formaldehyde (the 
hydrophile) is transported in the solution of xylene (lipophile) (Zeliger, 2003). Other studies with 
painters and spray painters that were exposed to mixtures that contained n-hexane (lipophile) 
and isopropanol (hydrophile) were found to have neurological symptoms (Maizlish et al., 1987).   
Once the chemicals have entered the body, components in chemical mixtures can induce or 
inhibit enzymes that are metabolically important, and therefore non-toxic chemicals can enhance 
the toxicity of other compounds. For example, toluene enhances the immunotoxic effects of 
benzene, even though toluene itself is not a severe immunotoxin. It competes with benzene for 
metabolising enzymes and allows the benzene concentration in the body to remain higher than if 
benzene only were present (Sato & Nakajima, 1979). 
Many cancers are caused by exposure to mixtures of chemicals that are not individually 
carcinogenic (Zeliger, 2008). The following examples of carcinogenic mixtures described in 
literature are similar to chemicals identified in this study and  therefore serve to highlight the 
chemical risk faced by most industries. Workers exposed to metalworking fluids were shown to 
have increased risks of cancers of the larynx, rectum, pancreas, skin and bladder (Zeliger, 2008, 
Ward, 1995). They were exposed to mixtures that contained combinations of lipophilic straight 
oils, soluble oils, ester surfactants as well as hydrophilic corrosion inhibitors, amine soaps, 
nitrates, borates and glycols (Zeliger, 2008). Occupational painters, who are exposed to a 
multitude of lipophiles and hydrophiles, such as aliphatic and aromatic hydrocarbons, glycol 
ethers, alcohols, ketones and pigments were found to  have increased risks of lung, oesophageal, 
stomach and bladder cancer (Ward, 1995). 
This highlights the need to understand the possible effects of such mixtures and the ways in 
which industrial hygiene can reduce exposure to them to reduce the risk of occupational 
diseases.  
As the identities of some of the components have been withheld from the public, the most 
practical approach would be to apply the precautionary principle in controlling exposure and 
chemical management. It is difficult to identify the mixtures of chemicals, hence the occupational 
exposure limits of the most toxic chemicals in a facility should be used.  
Therefore the conceptual models created in this framework show the atmosphere created by 
mixtures of chemicals, their probable routes of exposure and the variety of hydrophiles and 
lipophiles that can increase the toxicity of the individual chemicals in any given environment.  
The steps for the workspace conceptual model  for human health are as follows: 
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– Identify the typical types of chemicals by evaluating the range of chemicals used in 
particular areas.  
– Identify the octanol-water partition coefficient of individual ingredients to evaluate if 
mixtures of lipophiles and hydrophiles co- exist in the workspace atmosphere that 
increase the toxicity of some chemicals.  
– Identify the vapour pressure of typical ingredients if available using chemical 
databases/handbooks.  
– Estimate the equilibrium vapour space concentrations of undisclosed ingredients by 
assuming worst case scenario (the highest vapour pressure value). 
– Group ingredients of high risk and typical chemicals by their hazards and indicate 
potential routes of exposure. 
– Indicate the routes of exposure of undisclosed ingredients. 
– Distribute the remainder of typical ingredients in the workplace according to their relative 
vapour pressure and whether they are hydrophilic/lipophilic. 
7.5 Scoring method 
A numerical scoring system was used to differentiate between the levels of exposure from 
chemicals.  The category weightings were given in Table 37 and the scores assigned to the 
subcategories were discussed in section 7.3. The higher the annual quantity, the greater the 
potential exposure to humans and to the environment under standard working conditions  if an 
accident occurs, and this is also the case with  frequency. The scores, based on a 1 to 10 scale 
were assigned to the subcategories by considering the qualitative likelihood of exposure 
occurring. The score allocations were subjective and based on the judgement of probability 
within the range of subcategories, but were assigned to identify situations of unfavourable 
exposure. Several categories documented the exposure control measures and the highest 
scores were given to procedures that offered the least protection against exposure. 
The total exposure scores were in ranges of high, medium and low, depending on the quantity 
and frequency of exposure criteria. The levels are given in Table 38 . 
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Table 38 Exposure score levels  
Score Criteria 
Level of 
Exposure 
≥246 Majority of chemicals are used in large quantities and are used frequently. High 
125 to 245 Majority of chemicals are used occasionally to frequently and in medium to small quantities. Medium 
72 to 124 Majority of chemicals are used occasionally or none at all and in small quantities. Low 
 
These scores were normalised  to fall within a fixed range, comparable to the hazard scores 
discussed in chapter 5. A linear equation: y = mx + c was applied to  fix the scores  between  1-
100 as follows:   
Table 39  Normalised score range for exposure levels 
Exposure Normalised  score range 
High 70 to 100 
Medium 40 to 60 
Low 1 to 30 
 
A worked example of how the original scores were fixed between certain values is given in  box 2:  
Box 2: Worked example of fixing original scores between certain values 
 
 
 
 
 
 
 
Example for High Score Level 
y = mx + c 
Normalised high score range (y): 100-70                Original high score range (x) 519-246                         
Δy = 30                 Δx = 273 
m = Δy/ Δx = 0.11 
when y = 100 = (0.11x 519) + c 
Therefore: c = 100 – 57.03 = 42.97. 
Equation for Normalised high score =  42.97 + (0.11x original high score) 
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7.6 Case Study Applications  
The results are presented in two subsections: the data collection results of the workspace 
exposures and the chemical ranking scores.  
7.6.1 Data Collection Results for Workspace Exposures 
The following results are the observations of the mine site workspace specific exposures of 
chemicals in terms of the entrance to the site, details of containment and exposure control 
measures and route of disposal. The observations were compiled using a photographic archive 
of the chemicals and their workspaces which the details of chemical management procedures 
were communicated by the  mine personnel. Some of the categories used to document the life-
cycle of the chemicals were from the plant and equipment requirements in the mining company’s 
Hazardous Material Management Standard. The reasons that the categories were selected for 
use at this stage of data collection are as follows: 
Route of entry: the official manner in which the chemicals were brought on site and stored.  
Containment: measures in place to minimise exposure of chemicals to the workers and 
environment if the chemicals  are  released accidently.  
Labelling: records how the identity and hazardous properties of the chemicals are communicated 
to those that come into contact with them in each workspace. Awareness reduces the likelihood 
of unnecessary exposure. 
Security and control: exposure to chemicals can occur by malicious intent, so securing the 
chemicals from unauthorised personnel is important. 
Safety/exposure controls: records the exposure controls and safety measures in place to 
minimise  exposure to the chemicals.  
Route of disposal: disposal routes documents how any residual chemicals reach the environment, 
outside  mining properties.  
The results were documented for each workspace that contained chemicals across the mining 
operations. This information was compiled together with the exposure categories. The complete 
observations for each area are given in Appendix D.  The results showed that the exposure 
controls and chemical management measures were similar for the same workspaces in different 
sites, which reinforces the reason why conceptual models of typical workspaces were designed.  
The following information is a summary of the typical and/or noteworthy observation for 
workspaces the form of the chemical types.  
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(a) Laboratory Chemicals 
*Tailings Dam is a pond where the uneconomic  portion of the mine process is stored.  
 
(b)  Mechanical Maintenance Products (used in Workshops) 
*NFPA = National Fire Protection Association  
Route of entry Purchasing  Warehouse Laboratory 
Containment Mini-spill pallets on storage shelves and drainage systems; compatibility 
matrix for storage; chemical safety suits (one site).  
Labelling MSDS given with chemical; Obsolete chemicals labelled 
Security and control Authorised access only. 
Safety /Exposure 
Controls 
Explosion resistant lamps; fire extinguishers in laboratory and storage 
area; extraction systems; respirator masks used in metallurgical 
laboratories that do not have extractive system. Maximum quantity of 
Hydrofluoric Acid kept in laboratory (one operation) with restricted 
access.  
Route of disposal Solutions, diluted down the sink that goes to the Tailings Dam*; 
Hazardous waste collected.   
 Motor oils Greases/lubricants/paints 
Route of entry Purchasing  warehouse (oil 
storage )  workshops 
Purchasing warehouse  workshop 
Containment Bunded area; oils kept on 
pallets; storage area fitted 
with drains; rubber mats used 
for oil changing.  
Caged in warehouse; in cupboards in 
workshop 
Labelling Storage area clearly labelled, 
including NFPA* hazard sign; 
MSDS stored with chemicals. 
Material Safety Data Sheets (MSDS) 
present in warehouse 
Security and control Authorised access; Oils 
stored in cages 
Authorised access only  
Safety /Exposure 
Controls 
Explosion resistant lamps in 
warehouse; overalls in 
workshop; spill kits available 
Explosion resistant lamps in 
warehouse; respirator mask used for 
oil-based paints, and extractor fan in 
storage area (one operation).Chemical 
safety board outside of chemical 
storage area.  
Route of disposal Used oil stored in Salvage 
Yard until appropriate 
collection; oil pumped to 
disposal tank in some 
operations. 
Empty containers go to Salvage Yard; 
used overalls disposed of separately.  
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(c ) Cleaning agents (used across all mining areas) 
 
(d) Bulk flotation reagents 
 
(e) Cathode Plant reagents 
Route of entry Purchasing-bulk chemicals storage Cathode Plant 
Containment  Enclosed storage area for chemicals; Some chemicals left outdoors 
and spilling on ground;  
Labelling MSDS on display in storage areas; Sacks outside of cathode plant not 
labelled. 
Security and control Authorised access only 
Safety/exposure 
controls  
Sulphuric acid monitoring; masks and full PPE in electrowinning plant; 
nickel sulphate solution on floor of nickel tankhouse 
Route of disposal Cathode plant diesel mixture is recycled; nickel tankhouse  liquor 
recycled; empty containers go to salvage yard for collection.  
 
Route of entry Contractors   Storage  area;  
Containment  Designated storage, bunded shelves. 
Labelling MSDS on wall of cupboard 
Security and control Authorised access only; some products do not go through official 
procurement system 
Safety/exposure 
controls  
Automatic dilution system; Masks and gloves worn when using certain 
products  
Route of disposal Containers recycled; municipal waste 
Route of entry Purchasing-bulk chemicals storage flotation plant; Brought on site 
in tank (one operation) 
Containment  Concrete containment around flotation vessel; Loading of flotation 
reagent takes place behind a cage and barricades. 
Labelling Poster –sized MSDS placards clearly displayed 
Security and control Closed gates – authorised access only; Full PPE worn during reagent 
filling process 
Safety/exposure 
controls  
Hydrogen sulphide detector  
Route of disposal Tailings Dam; Residual amount in final concentrates 
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(f) Gardening chemicals (pesticides, fertilisers) 
 
(g) Explosives 
 
 
7.6.2 Workspace Conceptual Models  
The conceptual models of the workspaces were used to illustrate the possible interactions of 
typical chemicals. Selected workspaces were chosen to demonstrate the applicability: 
1. A mechanical Maintenance Workshop  
2. A flotation plant 
3. A cathode plant 
4. A metallurgical laboratory 
The mechanical maintenance workshops were examined in more detail than the other 
workspaces to illustrate the different levels of analysis. The final schematics for a flotation plant, 
cathode plant and a metallurgical laboratory are given in the risk characterisation chapter 
(chapter 9) to show the high risk chemical interactions with the existing conditions.   
Route of entry Contractors  
Containment  Stored off-site. Brought on when required;  Small quantity kept on site 
at some operations; Stored in garage of farm land (one operation) 
Labelling MSDS available in some operations 
Security and control Only used by contractors 
Safety/exposure 
controls  
Personal protection equipment (PPE) assumed 
Route of disposal Off-site 
Route of entry Contractors   Storage  area 
Containment  Each explosive individually contained; Boosters contained in concrete 
storage, separate to the detonators. 
Labelling Fully labelled 
Security and control Access by contractors only 
Safety/exposure 
controls  
Stored far away from main site 
Route of disposal Empty bags recycled by Contractors 
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7.6.2.1 Mechanical Maintenance Workshops 
Although MSDSs are stored with the chemicals used, and chemical safety boards are located 
near to the storage areas to warn of chemical hazards, the communication of the risks do not 
reflect the extent of the problem. This is because a significant number of chemicals were found to 
contain CMR ingredients (results of chapter 6). Furthermore the majority of workshops were 
found not to be equipped with local exhaust ventilation and the chemical management protocol 
was observed to be less strict than in the chemical analytical laboratories. Workshops are used 
across most mining operations, including underground where the ventilation may be poorer than 
above ground and it is important that exposure limits are adhered to. 
The analysis of a mechanical workshop includes paints and motor oils, as these chemicals, 
although categorised separately in the hazard identification chapter, are all used in the 
workshops.  
The parameters that the analysis will focus on are: 
 Health – due to the lack of awareness and stringency in terms of workshop chemicals. 
 The use of chemicals inside the workshop, because the main storage areas contains 
chemicals used in other workspaces as well.  
 The possible interactions of the chemicals in the workspace atmosphere. 
 
The schematics in figures 44-47 define the atmosphere of chemicals based on their 
physicochemical properties, so that the impact of mixtures in a workspace can be evaluated. 
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Figure 44 Typical chemicals found in workshop workspaces across mining operations 
 
Figure 44 shows the typical types of chemicals found in workshops across mining operations. 
These are paints, paint thinners, adhesives, sealants, degreasers, motor oils and coolants. As 
the schematic focuses on the chemical atmosphere it does not show the exposure controls in 
place in the workshops, but were given in table (b) in section 7.6.1.  
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Figure 45 Schematic of typical chemical ingredients in a workshop  
[Log Kow values from (U.S. Environmental Protection Agency, 2013) ] 
Figure 45 shows the typical ingredients found in workshop chemicals, listed with their octanol-
water partition coefficient (Log Kow) and an indication of whether they are hydrophilic (H) or 
lipophilic (L).  The types of undisclosed chemical information are also listed (discussed in chapter 
8). This shows that all of the mechanical maintenance products contain mixtures of chemicals 
with a range of hydrophiles and lipophiles, and undisclosed information is present in all of the 
chemical types. 
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Figure 46 Plot of Log Kow values of typical ingredients in a workshop 
In Figure 46 the schematic shows the plots of  Log Kow which reflect the relative lipophilicity and 
hydrophilicity  of chemicals. Chemicals with Log Kow values greater than 2 are regarded as 
lipophiles and those with values less than 2 are considered hydrophiles (Zeliger, 2008).  The red 
line at the value of 2 in the schematic shows the distribution of lipophiles and hydrophiles for 
typical components, (for which Log Kow values were available) to illustrate the mixture that can 
co-exist in a mechanical workshop workspace.  
Chemicals for which neither the experimental nor predicted values were available were omitted 
from the schematic, however in cases of motor oils or hydrocarbons, a lipophilic assignment was 
made due to the non polar and oil-based nature of the chemicals.  
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Figure 47 Schematic of vapour pressures of typical ingredients  
(values taken from (National Institute for Occupational Safety and Health, 2013) ) 
 
Figure 47 shows the plot of the vapour pressures (at 25⁰C) of the typical ingredients for which 
values were available. Chemicals for which neither experimental nor predicted values were 
available, were assumed to be non-volatile.  Values below 3 mm Hg were considered to be low, 
between 3 and 187 mm Hg were considered medium and above 187 mm Hg considered to be a 
high vapour pressure (European Chemicals Agency, 2012). Vapour pressure was used to 
indicate the likelihood of inhalation of the substances occurring. The most volatile typical 
ingredient is methylene chloride, which was found in degreasers.  As the typical ingredients were 
considered individually, the vapour pressures of the pure compounds were used, but when 
considered in a formulation, the partial pressures were used so that the values would be lower 
than for the pure compounds. Nevertheless, the plot gives an indication of the likelihood of 
inhalation of the typical chemicals.  
The workspace illustrations that consider the interaction with the potential high risk chemicals are 
given in chapter 9. 
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7.6.2.2  Flotation Plant  
Flotation is essential to the success of mining companies and without the use of flotation 
reagents, the mining industry could not survive.  All chemicals used in this workspace are used in 
large quantities on a daily basis.   
The parameters that the analysis focuses on are: 
- Health, safety and the environment, because these chemicals are used on a large scale 
and have effects on all these targets.  They will however be considered under normal 
working conditions and not worst case scenarios and natural disasters.  
- The ambient concentrations of the components, the hazard classifications and 
degradation products.   
 
Notable observations of exposure controls (Health) 
One of the flotation circuits is equipped with H2S detectors and the workers carry personal H2S 
detectors. The staff are therefore aware of the risks associated with handling H2S. Furthermore, 
the circuit which uses NaHS and Na2S is fully enclosed to prevent exposure to toxic gases.  
Some operations visited during this study transport the flotation reagents in liquid form in a tanker 
on site.  The liquid is then pumped directly into the storage tank, reducing the likelihood of the 
build up of gases during mixing. 
The contractors pumping the reagents are equipped with plastic aprons, plastic gloves, and 
respirator masks.  
 
Notable observations of exposure controls (Safety) 
One of the operations visited that used flotation reagents had substituted the xanthates with 
dithiophosphate-based collectors because of safety issues concerning the flammability of the 
carbon disulphide produced. There is a lower risk from the dithiophosphates than xanthates as 
the flammability would be a result of the release of the hydrogen sulphide. H2S has a higher 
auto-ignition temperature (260⁰C) than that of CS2 (90⁰C)  (Sigma-Aldrich, 2012b, Sigma-Aldrich, 
2012a).This is the minimum temperature required for self-sustained combustion in the presence 
of an external ignition source (Haynes, 2011).  This chemical was therefore more suitable for the 
flotation circuits exposed to the atmosphere that could be subjected to high temperatures. 
Furthermore, the vapour concentration range in air (in percent by volume) for which a flame can 
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propagate (referred to as flammability/explosive limits) is also lower for H2S (4-44%) than it is for 
CS2 (1.3-50%) (Haynes, 2011). 
For some operations that used xanthates, the reagent was pumped in its liquid form and the   
area barricaded off and two fire extinguishers placed either side of the truck, before the reagents 
were pumped out. The storage tank area was also hosed down with water to cool the area and to 
reduce chance of heat/spark.   
 
 Notable observations of exposure controls (Environment) 
The operation for which the tailings dam was accessible by animals has controls in place for 
dealing with the birds that come into contact with the tailings. Furthermore, these known mixtures 
and undisclosed components would be significantly diluted, and are unlikely to cause serious 
environmental harm.  
 
7.6.2.3 Cathode Plant Tankhouse 
The cathode plants are where the first part of the electrowinning processes take place. The 
following example is for a tankhouse  in which the copper leaching occurs, with chemicals used 
on a large scale on a daily basis.   
The parameters that the analysis focuses on are: 
Human Health 
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Figure 48 Schematic of solvent extraction settling pond in tankhouse for first stage of 
electrowinning process 
The schematic (Figure 48) shows the mixture of chemicals in the solvent extraction settling pond 
used in a typical copper leaching tankhouse. The first part of the electrowinning process is the 
copper leaching stage. The oxidised copper ores is dissolved into sulphuric acid in the leaching 
pond to form copper sulphate: 
Copper ore + H2SO4 (aq)    CuSO4 (aq) + H2O (l) 
The second stage is the solvent extraction. The copper sulphate solution forms the aqueous 
phase, and this is mixed with and the organic phase made up of Cytec - Acorga - PT5050 MD – 
(solvent extraction reagent containing Alkyl alcohol; 5-Nonyl-2-hydroxy-benzaldoxime; Petroleum 
distillate hydrotreated light) and Escaid 110 (Hydrocarbons, C11-C14, n-alkanes, isoalkanes, 
cyclics, < 2% aromatics)). The solvent extraction reagent contains a chelating compound (2-
Hydroxy-5-Nonyl-Benzaldehyde Oxime), that chelates to the Cu2+ ions and transfers them to the 
organic phase. The copper ions displace the hydrogen ions on the chelating agent and are 
consequently transferred to the aqueous phase, re-forming sulphuric acid (Figure 49): 
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Figure 49 Mechanism of chelation of copper ions to solvent extraction reagent (2-Hydroxy-5-
Nonyl-Benzaldehyde Oxime).  
 The two phases are allowed to separate in the settler (Figure 48) and the aqueous sulphuric 
acid (raffinate) is recycled to the ore leaching pond. The copper-rich organic phase is then 
transferred to another settler, where it mixes with strong sulphuric acid aqueous solution. The 
higher concentration of hydrogen ions displace the Cu2+ ions in the organic phase, restoring the 
extractant to its original form, and enriching the aqueous phase with copper ions, thus resulting in 
a concentrated copper sulphate solution to be used as the electrolyte in the electrowinning 
process (Woods, 2010). 
The mixture of chemicals in the solvent extraction settler contain hydrophiles, lipophiles,  
unspecified chemical compounds and a component classified as a possible endocrine disruptor 
in the MSDS and is another ideal example of exposure to mixtures within a designated area.  
The properties of a C12-C18 straight alcohol was used to assess the volatility of the unidentified 
alcohol in the solvent extraction reagent. The vapour pressures of the individual ingredients in 
the chemicals used in the solvent extraction process chemicals were low (<1 mm Hg) and 
therefore did not pose an immediate inhalation risk. The mixture of chemicals in the settling pond 
now contains a range of hazards. Some of these may be derived from each individual chemical 
or may create new unidentified hazards. In order to classify the hazards of this mixture, 
appropriate testing has to take place.  
 Observation of exposure controls  
Tankhouses were fitted with railings to prevent people falling in and the hydrocarbons posing an 
inhalation risk. The precautionary measures of dust masks and overalls were worn by workers 
inside the tankhouse.   
 
7.6.2.4 Metallurgical Laboratory  
Laboratory chemicals account for the largest amount and range of chemicals used across all 
mining operations visited.  All of the fatal chemicals and most of the CMR chemicals are located 
in these laboratories (hazard chapter). However, these are also used in small quantities on a 
daily basis, and have the least amount of chemicals with undisclosed ingredients. Most of the 
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laboratories also have fume hoods and a strict chemical management protocol. Analytical 
laboratories have the strict laboratory protocols and the controlled disposal of chemical wastes. 
Metallurgical laboratories will be studied because the chemical protocol in these areas is less 
stringent. Part of the process in metallurgical laboratories involves testing new and current  
flotation agents, and therefore workers are exposed to the same types of chemicals as the in 
flotation plant, but on a much smaller scale. In most of the cases investigated, fumehoods or local 
exhaust ventilation were not present.  
The parameters that analysis focuses on are: 
- Human Health - because the same hazards are present as chemicals in the flotation 
plant  
- Mixtures of hydrophile and lipophile 
- Equilibrium vapour space concentrations  
- Undisclosed ingredients 
The conceptual model is discussed in chapter 9, illustrated with typical high risk chemicals.  
7.6.3 Results of chemical ranking scores 
 As the typical workspaces were considered, the exposure assessments for the chemicals on 
each operation were combined and the worst case exposures selected per chemical. The total 
number of different chemicals across the mining operations was 850. The distribution into the 
high, medium and low levels are defined in Table 40.  
Table 40 Number of chemicals in each exposure level   
Exposure Level No. of chemicals Percentage of total (%) 
High 274 32% 
Medium 533 63% 
Low 41 5% 
 
Chemicals falling into the high exposure category accounted for 32% of the total. The boundary 
for these chemicals was an original score of over 246, and the main criterion of this category was 
designed to capture all chemicals that had annual quantities over 1000kg.  Only 5% of these 
chemicals were used in small quantities (less than 10kg per annum and infrequently).  
The top twenty highest scoring chemicals are listed in Table 41. Both the original scores and 
normalised scores are listed, along with the exposure details that lead to their ranked positions. 
The full details of the exposure assessment are given in Appendix E  
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Table 41 Top twenty highest exposure chemicals  
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Table 41 (cont) Top twenty highest exposure chemicals  
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Table 41 (cont) Top twenty highest exposure chemicals  
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The type of chemicals used  in quantities over 1000kg per annum  which are therefore in the high 
exposure level  are  as follows: 
Table 42 Chemicals with quantities over 1000kg per annum 
Chemicals with quantities over 1000kg per annum 
Sulphuric acid Coal floatation solvents 
Phosphoric acid Water reclamation reagents 
Degreasers Phosphoric acid 
Flotation reagents Flocculants 
Electrowinning plant reagents  
 
The type of chemicals with frequent usages (daily to weekly) are listed as follows: 
Table 43 Chemicals used on a daily to weekly basis (frequently) 
Chemicals used on a daily to weekly basis (frequently) 
Industrial acids 
 
Flocculants 
Flotation reagents 
 
Electrowinning plant reagents 
 
Degreasers 
 
Laboratory chemicals (acids, bases, buffers, 
solvents) 
 
Water reclamation chemicals 
 
Cleaning products 
 
Motor Oils 
 
Coolants 
 
Welding gases 
 
Explosives 
 
Coal floatation solvents 
 
 
 
All the chemical types across the mining operations are used frequently, and hence exposure is  
potentially high. The exposure differs for the individual chemicals within the categories.  
The chemicals found to have no containment in terms of disposal control measures are as 
follows:  
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Table 44  Chemicals with no containment in exposure controls 
Disposal control measures – No containment 
Chemical Chemical type 
8M Cleaning product 
Ansulite 3% Cleaning product 
Go Getter Cleaning product 
Jato Cleaning product 
Kit 30 Cleaning product 
Repass Cleaning product 
Suma Inox D7 Cleaning product 
View Cleaning product 
Optimer (r) 9876 Pulv - Flocculent Flocculent 
Aero-3752 Promotor Flotation reagent 
Aerodri 100 Flotation reagent 
Dowfroth-250 Flotation reagent 
Flotamin MR 9900 Flotation reagent 
Nalflote 9837P Flotation reagent 
Sodium Hydroxide (99%) Flotation reagent 
Abono Follaje Gardening chemical 
Enrai Zante Gardening chemical 
Oxicloruro de cobre Gardening chemical 
Germekil Gardening chemical 
Caustic Soda Solid (Sodium Hydroxide) Mine plant reagent 
 
The residues of the flotation plant reagents are disposed of in the mining operation’s tailings dam. 
The evidence for infiltration is outside the scope of this study and therefore the precautionary 
approach was taken and the worst case assumed for the residual flotation chemicals. The 
cleaning products listed were from the same mining operation and the residual chemicals would 
also be pumped to the tailings dam after being disposed of down sinks. The gardening chemicals 
listed do not have contained disposals as they are used at office sites, and do not provide the 
same containment found on the remote operation sites. The precautionary principle was applied 
again in this case, even though the use of gardening chemicals is ubiquitous including in 
domestic situations.  
The scoring method for the exposure assessment screened the chemicals with the highest 
quantities and frequent use patterns, and allowed the ones with the worst disposal control 
measures to be identified. However all the chemicals were assessed generically with respect to 
each of the categories and in some cases the highest level of exposure and disposal controls are 
not necessary. Therefore the impact of the exposure can be adequately understood only by 
combining the hazard and exposure of the individual chemicals.  The next stage of the analysis is 
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the risk characterisation, which explores the significance of combining the hazard and exposure 
results and further evaluates the risk in terms of the workspaces in which the chemicals are used. 
This approach would therefore illustrate the essence of the risk in the physical combinations of 
the hazards and the exposures and shows how this system is specific for the mining industry.  
 
7.7 Discussion and Conclusion  
The purpose of the exposure assessment was to differentiate between chemicals and to rank 
them in terms of the level of exposure. This was achieved by populating the exposure categories 
with the relevant information for each chemical and assigning scores to the subcategories 
according to the likelihood of the chemical being exposed to humans, the environment and other 
chemicals. The annual quantity and frequency of use were weighted more than any other 
categories because they are, relevant to all chemicals, and are the simplest indications of 
exposure. The results indicated that flotation reagents and motor oils was the chemicals most 
likely to lead to undesirable occupational exposure. The chemicals used in the largest quantities 
(>1000kg per year) are the reagents used in the flotation, water reclamation and cathode plants.  
In terms of frequency, all types of chemicals were used frequently (daily to weekly) and therefore 
there was almost constant exposure to all the different chemicals used on the mine sites. The 
information collected on the life cycles of the chemicals in the different workspaces highlighted 
the range of effective and ineffective chemical management procedures in the mining operations, 
and the manner in which exposure varies for the different workspaces in which the chemicals are 
used. This information was used to construct conceptual models of the typical workspaces to 
illustrate the exposure routes to the mixture of typical chemicals by considering the 
physicochemical properties. The process of building the conceptual models for the workspaces 
also highlighted the uncertainties of determining vapour pressures and ambient concentrations 
for formulations that contain undisclosed ingredients. The significance of the workspaces will 
become apparent in chapter 9  when the hazard and exposure scores are combined to determine 
the overall risk of the individual chemicals and the combined exposures of the workspaces 
evaluated  to illustrate the risk posed by mixture of chemicals hazards, mixture exposures and 
exposure controls in a working environment.  
The following chapter (chapter 8) examines the extent of the undisclosed information identified in 
the hazard identification stage (chapter 6) and the potential impact it has on risk assessment 
when considered within workspaces.  
 
148 
 
CHAPTER 8: UNDISCLOSED CHEMICALS – IMPLICATIONS FOR 
RISK ASSESSMENT 
 
8.1 Introduction 
  This chapter determines the extent of the problem of undisclosed information in chemicals used 
in mining operations, risk assessment and the hindrances to adequately protecting the health of 
the workers. Usually ingredients and their hazards in chemical formulations are communicated to 
workers and consumers through material safety data sheets (MSDSs). These are documents 
provided with chemicals, as a guide for workers on the safe handling and use of the substances. 
The minimum requirements for the section on the composition/information on ingredients for an 
MSDS for mixtures, as documented by the UN Globally Harmonised System (UN GHS) are that: 
the ingredients are listed with their CAS numbers (or other identification number); full chemical 
name and concentration of all ingredients which are classified as a health hazard. There is 
however a significant percentage of chemicals in which some ingredients and their hazards are 
undisclosed, increasing uncertainty associated with their use. Steinemann et al (2009) defined 
undisclosed ingredients as chemicals in products that may not be identified through information 
provided to the public or regulatory services. Undisclosed information can undermine 
occupational health protection, compromise the safety of workers in industry, hinder risk 
assessment procedures and lead to uncertainty about future health.  
Several previous studies have identified undisclosed ingredients in a range of consumer products 
and the issues associated with withholding information about ingredients in MSDSs have centred 
around the risk of injury to users as a result of inadequate hazard communication (Welsh, 
Lamesse & Karpinski, 2000, Kolp, Williams & Burtan, 1995). This can be a barrier to chemical 
risk assessment procedures that should consider both the hazards and exposures to determine 
the overall risk posed by the chemicals. If this assessment is carried out at a company level, the 
first point of reference about the chemical hazards would be the MSDSs. It is important therefore 
that this source of information is complete and accurate, especially when the formulations in 
question are multi-component substances. The information in MSDSs is also important to the 
exposure assessment process and to monitor if the exposure limits of the ingredients listed in the 
MSDSs are adhered to. The MSDS regulations in different countries do not require the 
manufacturer to disclose ingredients regarded as non hazardous, and procedures have always 
been in place for business confidentiality claims.  Nevertheless, chemical legislation is being 
tightened globally, as the considerable extent of the health and safety risks associated with 
exposure to chemical products is recognised.  
It was introduced in chapter 5 that mining operations use a wide range of different chemicals 
from specialist chemicals to those that are commercially available and with hazard classifications 
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that range from known carcinogens to non-classifiable (chapter 6). Chapter 7 showed that he use 
patterns range from milligrams per month to tonnes per day; and chemical exposure controls 
vary from local exhaust ventilation to the use of  personal protection equipment (PPE). Mining 
companies are frequently multinational organisations and have to comply with different chemical 
legislations and different MSDSs. The mining industry is therefore an ideal case study to 
understand how undisclosed information in MSDSs hinders chemical risk assessments. 
This work investigates all types of chemicals across three sites - copper, platinum and coal in 
order to understand the range of undisclosed chemicals to which workers in mining operations 
may be exposed. The chemicals used in mining operations include flotation reagents to separate 
ore minerals from gangue; oils, greases and lubricants  in machinery maintenance; laboratory 
chemicals  for analysis; explosives in the mines; and agricultural, gardening and cleaning 
products for the general maintenance of sites. These products often include a wide range of 
ingredients, although in several cases, not all of the ingredients are disclosed to the public and in 
a few cases, the classification of the ingredients is omitted or is inaccurate, thereby hindering risk 
assessment to adequately protect workers from chemical risks.  
This chapter first reviews previous studies of undisclosed ingredients and considers examples of 
how undisclosed, incomplete and inaccurate information can cause injury to human health and/or 
the environment. It then focuses on the mining industry to evaluate the significance of 
undisclosed information in the chemical risk assessment process; and identify the impact on 
chemical management and the key issues faced by companies protecting their workers from 
uncertain chemical risks. Because legislation is the driving force for change, the chemical 
regulations that affect confidential business information (CBI) and MSDSs are examined in a few 
key countries where there are mining activities. 
 
8.2 Review of literature on previous MSDS deficiencies 
It is widely accepted that trade secrecy undermines risk management, as it transfers the health 
and safety options from those who are exposed to those who profit. Secrecy also subsidises 
existing technologies disguising their costs and suppressing incentives to develop better ones 
(Lyndon, 2011). A range of consumer products contain undisclosed information, including 
fragranced products (such as air fresheners, laundry supplies and cleaners), paint thinner 
products, synthetic lubricants, detergents and oil dispersants. These studies have evaluated the 
chemical identification of ingredients provided in the MSDSs and some of the key omissions 
have been outlined as follows:   
- The use of ranges instead of specific quantities of ingredients, which makes estimating the 
total amount of specific ingredients difficult (Winder & Ng, 1995) and creates uncertainty 
about dose and exposure (Schmidt, 2010). 
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- Failure to disclose any hazardous ingredients in the MSDS despite hazard inferences in 
statements about health effects, first aid and personal protection equipment (PPE) 
recommendations (Welsh, Lamesse & Karpinski, 2000, Kolp, Williams & Burtan, 1995). 
- The use of nonspecific chemical names, such as the use of a chemical family or class (Kolp, 
Williams & Burtan, 1995, Winder & Ng, 1995). 
- MSDSs with ingredients listed as trade secrets, which are exempt from public disclosure 
(Steinemann, 2009, Kolp, Williams & Burtan, 1995, Winder & Ng, 1995). 
- Ingredients regulated as toxic or hazardous under federal law in the USA, identified through 
chemical analysis, but were not disclosed in the MSDSs of fragranced consumer products 
(Steinemann, 2009). 
- The failure of some MSDSs to adequately describe the known reproductive toxicity effects of 
some chemicals (Welsh, Lamesse & Karpinski, 2000, Paul & Kurtz, 1994). 
Although information about chemical hazards has now become more accessible to the public, 
and consumers can make more informed choices about the products they choose, chemical 
legislation globally is still trying to find a balance between adequately informing the public of 
hazards and maintaining the competitiveness of the chemical industry by protecting business 
confidentiality.  
 
The studies that have been reviewed are summarised in chronological order in table 1. This table 
highlights the main focus of each study, the country in which the study was conducted, the 
relevant MSDS and the conclusions. The main concerns are discussed as follows: 
 
8.2.1 Inadequate hazard communication 
Inadequate hazard communication is one of the issues associated with undisclosed information 
about chemicals. Previous work on the accuracy of MSDSs (Kolp, Williams & Burtan, 1995) 
evaluated five areas of information: chemical identification of hazardous ingredients; reported 
health effects; necessary first aid procedures; appropriate personal protective equipment; 
regulations and guidelines on workplace exposure levels. In terms of the chemical identification 
of hazardous ingredients, it was concluded that without specific chemical names, no evaluation 
of the accuracy of the material presented could be undertaken. Without knowing what 
chemical(s) was/were being addressed by the MSDS, it is impossible to evaluate whether the 
information presented is correct (Kolp, Williams & Burtan, 1995). 
 
The inaccurate listing of ingredients in MSDSs can lead to insufficient recommendations for 
personal protection which could compromise the safety of the workers and undermine injury 
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prevention (Welsh, Lamesse & Karpinski, 2000). Welsh et al (2000) presented results for three 
cases in which MSDS ingredient disclosures were incomplete. The products included a synthetic 
lubricant used in a mining operation, a detergent concentrate used for aircraft cleaning and an 
epoxy reducer used in aircraft maintenance. In each case, undisclosed hazardous ingredients 
were detected at concentrations which required disclosure. An evaluation of the MSDSs 
indicated that a proportion failed to disclose any hazardous ingredients despite hazard inferences 
from other sections of the MSDSs including adverse health effects, first aid and PPE 
recommendations. 
 
Paul and Kurtz (1994) analysed the reproductive health hazard descriptions on nearly 700 
MSDSs for products containing lead or ethylene glycol ether. The results showed that over 62% 
of the MSDSs made no reference to effects on the reproductive system (Paul & Kurtz, 1994). It 
was concluded that the information provided to employers and workers about reproductive and 
developmental risks was grossly inadequate and much greater efforts are needed to ensure that 
the health protective intent of right-to-know legislation in the USA  is realised (Paul & Kurtz, 
1994). 
 
8.2.2 The misconception amongst workers that all similar types of chemical products 
are equivalent 
Paint thinners can vary significantly, because of the variation in the proportion of ingredients they 
contain, including solvent classes. Winder and Ng (1995) evaluated 20 proprietary thinners using 
MSDSs, as part of a multidisciplinary study on solvent exposure and health effects on spray- 
painter apprentices. The solvents in thinners can vary in the range of combinations and 
quantities, so that the health hazards to users are likely to differ significantly from those of 
individual solvents, because of possible synergistic action when they are combined (Winder & Ng, 
1995). Despite the lack of complete disclosure of all ingredients on MSDSs, the use of ranges 
instead of specific quantities and the use of unspecific chemical names or trade secrets, did not 
help to dispel the perception among industrial workers, that thinners are safe to use and that 
different types of thinner are equivalent (Winder & Ng, 1995). 
 
 
8.2.3  Inadequate information about potential exposure risks, for the public. 
Inadequate information can lead to potential exposure risks. Chemical constituents in fragranced 
consumer products  that are regulated as toxic or hazardous under US federal law, but which are 
undisclosed may result in the public having inadequate information about potential exposure 
risks, or a false sense of assurance (Steinemann, 2009).  Steinemann et al (2009) analysed six 
fragranced consumer products to compare disclosure of the chemical ingredients listed in the 
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MSDS with the actual constituents in the products. Nearly 100 volatile organic compounds 
(VOCs) were identified but none of the VOCs were listed on any product label. One was listed on 
one MSDS, and ten of the VOCs were regulated as toxic or hazardous under US federal law 
(Steinemann, 2009). 
Pesticide ingredients are divided into two categories: active and inert (sometimes referred to as 
other ingredients, adjuvants, or coformulants) (Cox & Surgan, 2006). In this case, the US Federal 
Insecticide, Fungicide, and Rodenticide Act (FIFRA) defines an active ingredient as an ingredient 
which will prevent, destroy, repel, or mitigate any pest, while an inert ingredient, is defined as an 
ingredient which is not active (US Congress, 2008). Inert ingredients can act as solvents, 
surfactants or preservatives or have other functions and generally are not identified on product 
labels and are often claimed to be confidential business information. Despite their name, inert 
ingredients may be biologically or chemically active and are labelled inert only because of their 
function in the formulated product. Most of the tests required to register a pesticide are 
performed with the active ingredient alone, not the full pesticide formulation (Cox & Surgan, 
2006). Some pesticide formulations contain inert ingredients that can affect human health and 
the environment significantly. Pesticide formulations have proved to be more potent genotoxics 
than active ingredients alone in a variety of test systems (Cox & Surgan, 2006). The full 
assessment of exposure to pesticide formulations is impeded by the lack of information about the 
concentration of individual inert ingredients. 
In terms of confidential business information, FIFRA does not authorise the EPA (US 
Environmental Protection Agency) to disclose the identity or percentage of any inert ingredient in 
a pesticide unless the EPA has first determined that disclosure is necessary to protect against an 
unreasonable risk of injury to health or the environment. (US Congress, 2008). If the EPA does 
propose to disclose confidential information, the EPA must notify the submitter  by certified mail 
the intent to release such information (US Congress, 2008). Information protected from 
disclosure to the public may be disclosed to contractors if they request it and if the EPA decides 
that it is necessary for the satisfactory performance of the contractors. (US Congress, 2008). 
This information is useful to the mining industry in considering the options available to reduce 
exposure to undisclosed ingredients in pesticides and other commercially available products.  
 
8.2.4 Undisclosed proprietary components in MSDSs can lead to public concern 
One of the remediation techniques used in response to the explosion and collapse of the BP-
owned Deepwater Horizon oil rig in the Gulf of Mexico in April 2010 was the use of chemical 
dispersants. These contained mixtures of solvents, surfactants and other proprietary additives 
(Schmidt, 2010). The MSDSs for the dispersants referred to undisclosed proprietary components 
which lead newspapers to warn that “secret formulations” were being dumped into Gulf waters. 
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The public demand for transparency lead to the manufacturer posting a full list of the products’ 
ingredients on its website (Schmidt, 2010). Another example where undisclosed ingredients may 
mask the health and environmental impacts of an activity, is hydraulic fracturing (fracking). This 
involves pumping millions of gallons of fluid or gel into the rock. The chemical mixtures used are 
considered proprietary but contain at least some toxins (Lyndon, 2011) which can migrate and 
affect groundwater (US Congress, 2005). The full costs of hydraulic fracturing cannot be 
assessed without knowledge of the identity and amounts of chemicals used in the fracking liquid 
(Lyndon, 2011). 
 
The Department of the Interior has the authority to oversee and regulate all activities on federal 
lands and it has recently released a proposed chemical disclosure rule for companies drilling on 
public lands. However, its chemical disclosure requirements do not commence until after drilling 
is complete (Department of the Interior: Bureau of Land Management, 2012). 
 
Concern about undisclosed chemicals in consumer products, lead to the introduction of the 
Cleaning Product Right-to-Know Act in the US House of Representatives in November 2011 that  
would require full disclosure of ingredients in cleaning products, and permit users to report 
failures in product compliance to the Consumer Product Safety Commission (CPSC) (Israel, 
2011). 
The concerns about undisclosed information in detergents lead to  new amendments to the EU 
detergents Regulation (EC 648/2004) in 2012,  which require manufacturers or importers of 
detergents to prepare an ingredient data sheet (IDS) available upon request. Confidential  
business information will continue to be protected under this measure, however a member state 
must withdraw a detergent from the market if it constitutes a risk to the safety or health of 
humans or the environment (Official Journal of the European Union, 2012). 
 
 
8.2.5 Compromising human health through legislative failure:  
Findings also indicate that legislative failure could compromise human health. The Toxic 
Substances Control Act (TSCA) was proposed in 1971 and enacted in 1976. The objective of 
TSCA was to allow the EPA to regulate new commercial chemicals before they enter the market; 
to regulate existing chemicals (since 1976) when they pose an unreasonable risk to health or the 
environment as well as to  regulate their distribution and use (US EPA, 2012c). The act also 
stated that confidential business information should be disclosed if the Administrator determines 
it necessary to protect health or the environment against an unreasonable risk of damage (US 
Congress, 2000).  
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In December 2000, the US EPA announced the Voluntary Children’s Chemical Evaluation 
Program (VCCEP) which was designed to help the public understand the potential health risks to 
children from certain chemical exposures (US EPA, 2010). The EPA developed a list of twenty-
three chemicals to which children have a high likelihood of exposure and asked companies that 
manufacture or import one or more of the chemicals to volunteer to provide information on health 
effects, exposure, risk and data needs (US EPA, 2010). An evaluation report from the EPA Office 
of Inspector General in 2011, claimed that the VCCEP pilot had not achieved its goals the pilot 
study was reported to have had a flawed chemical selection process and the effectiveness of the 
programme was hampered by industry partners who chose not to collect and submit information 
voluntarily, (US EPA Office of Inspector General, 2011).  
 
In 2010, in order to increase transparency and public access to chemical information the EPA 
issued a new policy that denies, with limited exemptions, confidentiality claims for the identity of 
chemicals in health and safety studies under TSCA (US EPA, 2010). The EPA also reviewed 
past claims of concealing the CBI in health and safety studies submitted to the EPA. (US EPA, 
2012a).  
 
Table 45 A summary of the key previous studies on undisclosed substances in consumer 
products (given in chronological order) 
Year Title and 
author of 
paper/artic
le 
Main concern of 
paper/article 
Country MSDS regulation Conclusion 
1994 Analysis of 
Reproducti
ve Health 
Hazard  
Information 
on Material 
Safety 
Sheets for 
Lead and 
the 
Ethylene 
Glycol 
Ethers 
- Paul and 
Kurtz 
The reproductive 
health hazard 
descriptions on nearly 
700 MSDSs for lead or 
ethylene glycol ether 
containing products 
were analysed, and 
the results showed 
that over 62% of the 
MSDSs made no 
reference whatsoever 
to effects on the 
reproductive system. 
USA Occupational Safety and 
Health Administration 
(OSHA) Hazard 
Communication Standard. 
The information 
provided to employers 
and workers about 
reproductive and 
developmental risks is 
grossly inadequate and  
much broader efforts 
are needed to assure 
that the health 
protective intent of right-
to-know legislation is 
realised 
1995 The 
Problem of 
Variable 
Ingredients 
and 
Concentrati
ons in 
Solvent 
Evaluated the contents 
of 20 proprietary 
thinner products using 
MSDSs, as part of a 
multidisciplinary study 
on solvent exposure 
and health effects in 
spray-painter 
Australia In 1995, the Hazardous 
Substance Regulations to 
Occupational Health and 
Safety legislation was 
introduced in Australia, 
which meant that the  
provision of MSDS for 
hazardous substances 
The proportion of 
ingredients can vary 
quite significantly, and 
the hazards may 
change accordingly, 
and educational 
programmes should be 
developed that are 
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Thinners 
- Winder 
and Ng 
apprentices. had become mandatory. aimed at informing 
users that thinners are 
different materials with 
different ingredients.  
1995 Assessmen
t of the 
Accuracy of 
Material 
Safety Data 
Sheets 
-Kolp et al. 
A study evaluated 150  
MSDSs for the 
accuracy and 
completeness of five 
areas of information, 
USA OSHA Hazard 
Communication Standard. 
Without the 
identification of a 
specific chemical name, 
no evaluation could be 
performed of the 
accuracy of the material 
presented. 
2000 The 
Verification 
of 
Hazardous 
Ingredients 
– 
Disclosures 
in Selected 
Material 
Safety Data 
Sheets 
- Welsh et 
al 
Results were 
presented  for  three 
cases in which MSDS 
ingredient disclosures 
were incomplete 
Canada Workplace Hazardous 
Materials Information 
System (WHMIS), which 
is intended to reduce 
illness through workplace 
hazard communications. 
Measures  to address 
MSDS non-compliance, 
include the education of 
inspectors, suppliers, 
employers and MSDS 
writers to in terms of  
the susceptibility of 
MSDSs to non-
disclosures. 
2006 Unidentifie
d Inert 
Ingredients 
in 
Pesticides: 
Implication
s for 
Human and 
Environme
ntal Health 
-Caroline 
Cox and 
Michael 
Surgan 
The shortcomings for 
the current procedure 
for assessing the 
hazards of pesticide 
formulations were 
described and it was 
documented that inert 
ingredients can 
increase the toxicity of 
potential exposures to 
pesticides.  
USA The Federal Insecticide, 
Fungicide and 
Rodenticide Act (FIFRA). 
Unless 
an inert ingredient is 
determined to be highly 
toxic, it is not required to 
be identified by name or 
percentage on the label, 
but the total percentage 
of such ingredients must 
be declared (US EPA, 
2012b) 
To enable independent 
research  and risk 
assessment, inert 
ingredients should be 
identified on product 
labels.  
2009 Fragranced 
consumer 
products 
and 
undisclose
d 
ingredients 
-Anne C. 
Steineman
n 
Six fragranced 
consumer product 
were analysed  to 
compare the chemical 
disclosure of the 
chemical ingredients 
listed in the material 
safety data sheet 
(MSDS) with the actual 
constituents in the 
consumer products. 
.  
 
USA In USA, manufacturers of 
consumer products and 
owners of chemical 
formulations on those 
products are not required 
to disclose all ingredients 
to consumers. 
- Consumer Product 
Safety Act 
- Occupational Safety and 
Health Administration 
(OSHA) Hazard 
Communication Standard. 
The MSDS requirement is 
designed for employers 
and employees. A 
consumer product 
ingredient does not need 
to be reported on an 
MSDS if the manufacturer 
Further research can 
help to elucidate 
exposure mechanisms, 
the sources of risk and 
uncertainty, and the role 
of ingredient 
information,. 
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or importer deems that 
the ingredient is not 
hazardous. 
2010 Between 
the Devil 
and the 
Deep Blue 
Sea  - 
Dispersant
s in the 
Gulf of 
Mexico 
-C.W. 
Schmidt 
Chemical dispersants  
were being used that 
contained undisclosed 
proprietary component 
Gulf of 
Mexico.  
US 
dispersa
nt 
- Occupational Safety and 
Health Administration 
(OSHA) Hazard 
Communication Standard. 
Nalco had no legal 
obligation to publicly 
disclose proprietary 
ingredients in its 
dispersants and that the 
EPA has agreed to keep 
it confidential.  
NA 
      
      
 
 
8.3 Undisclosed information : A mining industry case study 
 
8.3.1 Chemical Legislation  
Mining companies are frequently multi-national, and it is important therefore also to understand 
international chemical legislation on the disclosure of ingredients in products. Chemical 
legislation in the United States, Canada, Australia, Chile and Europe is considered here. All of 
the legislation is similar regarding confidential business information in the chemical industry and 
manufacturers generally are not required to disclose the identity of ingredients in a consumer 
product if it is not deemed hazardous (Table 46): 
 
Table 46. Summary of regulations with respect to CBI criteria 
Regulation Year of 
enforcement 
Country/ 
Region 
Key CBI Criteria 
Toxic Substances 
Control Act 
1976 
 
United States 
of America 
 
 A manufacturer, processor, or 
distributor in commerce may 
designate the data which such 
person believes is entitled to 
confidential treatment, but 
may be disclosed to protect 
health or the environment. 
Occupational Safety 
and Health 
Administration (OSHA) 
Hazard Communication 
Standard 
Updated 2012  The only information that can 
be withheld from an MSDS, is 
the specific chemical identity, 
and only when the effects of 
the hazardous chemical are 
disclosed to health 
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professionals, employees and 
relevant unions 
Hazardous Materials 
Information Review Act 
(HMIRA) 
1987 Canada  A claimant may be ordered to 
disclose information for 
reasons of health and safety in 
a work place. 
Occupational Health 
and Safety (Safety 
Standards) Regulations 
1994 Australia  If there is a medical 
emergency involving the 
dangerous goods, the 
manufacturer must disclose 
the name of the ingredient. 
 
Industrial Property Law 
(Law No19.039 
Modified by Law 
19.996) 
2005 Chile  The protection of trade secrets 
can be terminated for justified 
reasons of public health, 
national security, non- 
commercial public use, 
national emergency or other 
extremely urgent 
circumstances. 
Registration Evaluation 
Authorisation and 
Restriction of Chemical 
Substances (REACH) 
2007 Europe  If the identity of a substance 
will put at risk the confidential 
nature of intellectual property, 
it  may referred to by a name 
that identifies the most 
important functional chemical 
groups, or an alternative 
name. 
 In cases where urgent action 
is essential to protect human 
health, safety or the 
environment, ECHA may 
disclose information that 
would normally be considered 
confidential. 
    
 
8.3.2 Material and Methods 
Chapter 5 showed that information was collected on the chemicals’ entry to the site, storage, use 
pattern (quantity and frequency of use), route of disposal and exposure controls. Processing the 
hazard information revealed that a significant number of chemicals had undisclosed information 
and the need to investigate the extent of this uncertainty further.  
A summary of the stages of the method and final outcomes are illustrated in the flow diagram 
(Figure 50): 
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Figure 50 Stages of the methodology  
The MSDSs were the primary source of chemical safety information used in the study. The 
current versions of the MSDSs were requested from the chemical manufacturer, or retrieved from 
the mining company’s chemical database. The study focused mainly on the type of MSDS 
deficiencies in the section: Composition/information on ingredients, documented  in the GHS 
fourth revised edition (Table 47) (United Nations, 2011).  The UN GHS was chosen to represent 
the ideal MSDS requirements, as GHS is being adopted worldwide and sets out to standardise 
hazard communication requirements for safety data sheets and labelling. Since this study 
involved evaluating MSDSs governed under different legislation, the eventual consistency and 
accuracy in MSDS contents is important.  
Table 47. GHS requirements for Section 3: Composition/information on ingredients 
GHS requirements for Section 3: Composition/information on ingredients 
Substances 
1. Chemical identity of the substances 
2. Common name(s), synonyms(s) of the 
substances 
3. CAS number and other unique identifiers 
for the substance 
Mixtures 
1. Chemical identity of the substances 
2. CAS number and other unique identifiers 
for the substance 
3. Concentration or concentration ranges of 
all hazardous ingredients…present above 
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4. Impurities and/or stabilising additives, 
which are themselves classified and which 
contribute to the classification of the 
substance 
cut-off levels 
 
 
 If the MSDSs in the mining operations case study fulfilled these requirements they were 
classified as having adequate information. Deviations from this level of information were 
identified as a deficiency in information. The scope of deficiencies was identified by an initial 
survey of the MSDSs (stage 1 in figure 50). 
The MSDS omissions presented in the literature review of previous studies were used as a guide 
to identify the deficiencies for the current study.  Nonspecific names were presented by Kolp et al 
(1995) and Winder and Ng (1995). Ingredients listed as trade secrets were presented by Kolp et 
al (1995), Steinemann (2009) and Winder and Ng (1995).  
The MSDS scope also revealed that several MSDSs did not contain the concentrations of the 
ingredients, and several MSDSs had incomplete ingredient lists. The undisclosed categories 
chosen for assessment in this study, and the corresponding criteria are listed in  
 
Table 48. 
 
 
Table 48. Undisclosed categories selected for case study and corresponding criteria 
Undisclosed Category Criteria 
i) Incomplete disclosure Identifies products for which the MSDS lists 
less than 50% of the ingredients. 
ii) Unspecific chemical identification One or more chemical groups are mentioned 
but the full identity of the substance is not 
disclosed and the CAS number is absent.  
iii) Relative quantities of ingredients not stated 
 
One or more ingredients in a formulation are 
not listed. 
iv) Ingredients listed as trade secrets. One or more ingredients have been 
deliberately withheld and classified as trade 
secret or proprietary information by the 
manufacturer.    
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Other deficiencies such as missing toxicological and ecological data points (sections 11 and 12 
of MSDS) to support the classifications, and inaccurate or insufficient information about the 
hazard classification of the individual ingredients were also highlighted (by cross-checking the 
classification of ingredients in the MSDS against independent databases) for the chemicals that 
fall within the 4 assessment categories (stage 2, figure 50).  
Inaccurate information on hazards will compromise health protection and lead to uncertain 
hazard communication. Therefore the range of  undisclosed information was evaluated alongside 
the qualitative exposure control information acquired during the mine site data collection.  
For the purpose of this study, the chemicals investigated include the following:  
Laboratories, Mechanical maintenance (which includes greases, lubricants, adhesives used in 
workshops), Cleaning products (used in all locations), Motor oils*, Paints*,Agricultural/gardening 
chemicals, Cathode plant/water treatment reagents, Flotation reagents,  Explosives and  Drilling 
fluids 
* due to the large quantity of different types of motor oils and paints, these chemicals have been 
placed in their own categories,  even though they form part of the mechanical maintenance group 
of products. 
 
8.3.3 Results  
A total of 9571  chemicals across the three commodity mine sites were identified.  A significant 
amount of  188 (20%)  contained undisclosed information from one of the four categories.  Of the 
188 chemicals with undisclosed information, 33% has incomplete disclosure, 39% unspecific 
chemical identities, 6%  had unstated relative quantities and  22%  contained ingredients listed 
as trade secrets.  In cases where chemicals contained more than one type of undisclosed 
information, the priority used was as follows: trade secrets > unspecific chemical identities > 
unstated relative quantities >incomplete disclosure. Other types of MSDS deficiencies included 
inadequate or inaccurate hazard classifications for some ingredients and unsupported numerical 
evidence for the classifications.  Sixty-three percent  (122 chemicals) of the MSDS of these 
                                                   
 
1 The study on undisclosed information  included chemicals used in the exploration division, which 
was included in the hazard and exposure assessments, and is the reason for the difference in the 
total number of chemicals). 
161 
 
chemicals did not contain an acute toxicity endpoint (LD50) and/or an acute aquatic toxicity 
endpoint (LC50).  
The relationship between the type of mining and the number of chemicals with undisclosed 
information is explored here. Therefore the proportion of chemicals for each commodity that 
contain undisclosed information is shown in Table 49: 
Table 49. Proportion of the total number of chemicals per commodity  at each  site that contain 
undisclosed information 
Commodity Copper % Platinum % Coal % Total 
Total No. of 
chemicals  
525 55% 229 23% 206 22% 957 
Total no. of 
Undisclosed 
chemicals  
68 36% 43 23% 77 41% 188 (20%) 
 
Table 49 shows that the undisclosed information is not localised to one type of mining operation, 
but is  distributed amongst all three, with the highest percentage found on the coal site. 
This included determining whether there was a link between the chemicals that are critical for 
mining operations and the undisclosed information. This was examined per mine site ( tables 50 
to 52):  
Table 50 Types of chemicals with undisclosed information on Copper Mine  
 
Labora
-tories 
Mechanical 
maintenance 
Cleaning 
Products 
Motor 
Oils 
Paints 
Gardening 
Chemicals 
Cathode/ 
Water 
Treatment 
Reagents 
Flotation 
Reagents 
Drilling 
Lubricants 
Adequate 
information 182 78 36 59 50 28 17 4 3 
          
Undisclosed 
information 
4 
(3%) 
16 
(17%) 
12  (25%) 
15 
(20%) 
5 
(9%) 
7 
(20%) 
2 
(11%) 
4 
(50%) 
3 
(50%) 
TOTAL 186 94 48 74 55 35 19 8 6 
 
Table 51 Types of chemicals with undisclosed information on Platinum Mine   
 Laboratories 
Mechanical 
maintenance 
Cleaning 
Products 
Motor 
Oils 
Paints 
Water 
Treatment 
Flotation/Nickel 
Sulphate Plant 
Adequate  
information 98 36 12 11 10 1 18 
        
Undisclosed 
information 
7 
(7%) 
5 
(12%) 
17 
(59%) 
8 
(42%) 
1 
(9%) 
3 
(75%) 
2 
(10%) 
TOTAL 105 41 29 19 11 4 20 
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Table 52 Types of chemicals with undisclosed information on Coal Mine    
 
Mechanical 
maintenance 
Cleaning 
Products 
Motor 
Oils 
Paints Pesticide 
Water 
Treatment 
Explosives 
Adequate  
information 30 29 13 27 17 6 7 
        
Undisclosed 
 information 
14 
(32%) 
8 
(22%) 
33 
(72%) 
15 
(36%) 
5 
(23%) 
1 
(14%) 
1 
(13%) 
TOTAL 44 37 46 42 22 7 8 
 
 
Tables 50-52 show that each mine site has at least  7 different categories of chemical uses with 
common categories across the three sites being mechanical maintenance products, cleaning 
products, motor oils and paints. For all three commodities, motor oils have >26% of its total 
containing undisclosed information,   followed by cleaning products which  are > 22%  and  the 
mechanical maintenance chemicals at > 12%. Laboratory chemicals have < 10%.In the case of 
platinum more than half of the cleaning products (59%)  had undisclosed information. This shows 
that highest distribution is within commercially available products that can be substituted, and not 
localised to chemicals specific for mining activities such as flotation reagents, laboratory 
chemicals and water treatment reagents.  
The relationship between range of categories of undisclosed information and the chemicals types 
per mine site were examined (figures 51-53): 
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Figure 51. Distribution of chemicals with undisclosed ingredients per chemical type and 
undisclosed category for Copper Mine 
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Figure 52 Distribution of chemicals with undisclosed ingredients per chemical type and 
undisclosed category for Platinum Mine  
 
Figure 53 Distribution of chemicals with undisclosed ingredients per chemical type and 
undisclosed category for Coal Mine 
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The bar charts in figures 51-53 show that the majority of chemical types on each mine site 
contain at least 2 different categories of undisclosed information. However some chemical types 
were found to have a single category, such as pesticides, water treatment reagents and the 
explosive on the coal mine operation, and the cathode reagents on the copper operation that 
contained trade secrets. The results also revealed that the same chemical types had different 
undisclosed information across the mining operations. For example, the laboratory chemicals for 
the copper operation contained only incomplete disclosures, whilst they contained three types of 
undisclosed information on the platinum site. This difference might be a result of the different 
types of laboratories (analytical and metallurgical). Similarly, the paints on the copper site had 
unspecific chemical identities only, the platinum site had incomplete disclosures only and the 
coal site had paints with all 4 categories of disclosure. Some chemical types have similar trends 
in undisclosed information across the three sites, in the case of motor oils and mechanical 
maintenance products.  
The comparison of results in figures 51-53 highlight the need to understand the collective 
distribution of undisclosed information per chemical type, which is given in Figure 54:  
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Figure 54 Combined distribution of chemicals with undisclosed ingredients per type of 
chemical and undisclosed category 
The combined results presented in figure 54 shows that both laboratory chemicals and paints 
have chemicals in one of the 4 categories of undisclosed information and explosives is the only 
chemical type that contains a single category. The combined results also distribution of the 
number of chemicals per chemical type. The totals are given in Table 53. 
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Table 53 Total number of undisclosed chemicals per chemical type 
 
Laboro
-tories 
Mechanical 
maintenance 
Cleaning 
Products 
Motor 
Oils 
Paint
s 
Gardening 
Chemicals 
Cathode/ 
Water 
Treatment 
Reagents 
Flotation 
Reagents 
Explo-
sives 
Drilling 
Fluids 
Incomplete 
disclosure 4 10 21 18 4 1 0 2 0 1 
Unspecific 
chemical 
identity 
3 15 14 20 17 0 0 3 0 2 
Relative 
quantities 
not stated 
3 0 0 0 1 5 1 2 0 0 
Trade 
secrets 1 11 2 16 1 5 4 0 1 0 
TOTAL 11 36 37 54 23 11 5 7 1 3 
 
Overall, the type of products with the largest quantity of undisclosed information in the mining 
industry, is motor oils, followed by cleaning products and mechanical maintenance products, with 
all  three having  trade secrets,  unspecific chemical identities and incomplete disclosures. These 
are commercially available products and therefore would be relevant to other industries with 
similar maintenance activities.  
It is now important to understand the link between the categories of undisclosed information and 
the hindrances faced by mining companies adequately protecting their workers. The four 
categories are explored in turn focusing on key examples of chemicals. The examples per 
undisclosed category are summarised in tables 54-56 in order of the categories with the largest 
amount of chemicals per disclosure type (Appendix F for all chemicals). Other MSDS omissions 
are considered alongside these categories, which include hazard classifications that have not 
been adequately communicated or the lack of numerical evidence to support classifications such 
as no LD50 value for the acute toxicity or the LC50 value for the acute aquatic toxicity. 
8.3.3.1 Incomplete disclosure 
Incomplete ingredient lists, coupled with unreported toxicological information can lead to the 
inability to cross check hazard information and therefore can lead to an uncertainty about 
chemical safety. 
The Incomplete Disclosure category identifies products for which the MSDS lists less than 50% 
of the ingredients. The chemical categories that had the largest amount of chemicals with 
incomplete disclosures were cleaning products, followed by motor oils and mechanical 
maintenance products (figure 54).  
The examples in Table 54 are of products with less than 15% of the ingredients listed in the 
MSDSs. Some chemicals only list 1% of their ingredients such as the buffer solution, while  some 
do not list any at all, such as the  Electro kleen used in the mechanical workshops This poses a 
particular problem when the MSDSs have additional inadequacies such as the absence of overall  
LD50   and/or LC50   endpoints. Example of these chemicals include Repass floor cleaner and the 
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Pink Antibacterial Handsoap that also contains the known carcinogen (Group 1) formaldehyde 
(International Agency for Research on Cancer, 2012a), as well as the cleaning product View and 
the motor oil Lubrene. The latter two examples have been classified as non-hazardous, but are 
not supported by the relevant endpoints.  
 Manufacturers are not obliged to disclose hazardous ingredients present below the cut-off level 
concentrations and that is why so many chemicals have this level of undisclosed information, 
especially in commercially available products such as cleaning products. However the 
incomplete disclosure prevents cross-checking of all ingredients within a product during the 
hazard assessment stage of a company level risk assessment. Users of chemicals will not have 
the reassurance that the chemicals not listed in a product are non hazardous and within the cut-
off level concentration. This is especially true for chemicals used outside of the EU that are not 
currently regulated to the same standard as REACH.  
Table 54  Results of Incomplete Disclosure 
 
 
Chemical Undisclosed ingredient(s) Other MSDS 
omissions  
Commodity 
Cleaning Products 
Repass Wax emulsion (10%) Unknown acute toxicity Copper 
View 2-butoxyethanol (>10%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Copper 
Pink Antibacterial 
Handsoap  
Formaldehyde (50-00-0) (0.2%); Sodium 
Sulphate (1%) 
Unknown acute toxicity;  Coal 
Motor Oils  
Esso Gear Oil GX 80W-90 1-Propene, 2-methyl-, sulphurised (1-
5%)(68511-50-2) 
Unknown acute aquatic 
toxicity 
Copper 
Lubrene Ingredients considered hazardous  not to health: Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coal 
Mechanical Maintenance 
Rota-Z Benzenamine, N-Phenyl-, Reaction Products 
With 2,4,4-Trimethylpentene (2%) (68411-46-1) 
Unknown acute aquatic 
toxicity 
Copper 
Spanjaard - Electro kleen No ingredients listed Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coal 
Laboratory Chemicals  
Buffer Solution – pH7  Thymol (<1%) Unknown acute toxicity Copper 
Paints 
Plascon - EMS18 -
Plascosafe 18 Primer - 
RedOxide 
2- Butoxyethanol (<2%) (000111-76-2) Unknown acute aquatic 
toxicity Platinum 
Flotation Reagents 
Magnafloc 333 Adipic acid (1-3%) (1242-04-9) Not applicable Platinum 
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8.3.3.2 Unspecific chemical identification (chemical group mentioned, but the full identity 
of the substance is not disclosed 
 
Unspecific chemical identities alongside unreported endpoints and inadequate hazard 
classifications can lead to uncertainty about chemical safety and therefore hinder the ability to 
adequately protect their workers.   
The Unspecific Chemical Identity category includes products in which one or more chemical 
groups are mentioned in the ingredients, but the full identity of the substance is not disclosed. 
The absence of the CAS number hinders the exact identification of a chemical.  
Knowledge of the chemical group allows research into the properties of the group and provides a 
better understanding of any potential hazards and reactivities, however different derivatives of a 
chemical group can have different properties and hazards and be subjected to different 
legislative measures.  
 
The chemical categories with the largest number of chemicals with Unspecific Chemical 
Identities, were motor oils, followed by paints, mechanical maintenance products and cleaning 
products and products (Table 55). Similarly to the previous undisclosed category, this type of 
undisclosed information hinders independent research and many examples in this category also 
have absent toxicological endpoints, such as the additives in Castrol Dynamax motor oil and 
unspecified inorganic sulphides in the Aero-3752 Promotor flotation reagent, Similar flotation 
reagents containing inorganic sulphides have been classified as toxic to the environment, and 
therefore the absent LC50 value and unspecific chemical identities prevents adequate 
identification of hazards for this chemical used on an industrial scale. Similar hindrances are 
posed for the cleaning products, Cristal Black Dip and Cristal Shower Clean that have 
ingredients with undefined abbreviations and no CAS numbers. 
 
This category also highlights the inadequate hazard communication of the ingredients which are 
disclosed. An example is the Sigma paint thinner which contains Toluene, but the MSDS lists 
neither the CAS numbers of the ingredients, their relative quantities nor Toluene’s classification 
as a suspected reproductive toxin. There was a similar case for the Community Paints which had 
a lead content of <5% but omitted the LD50 and LC50 values despite the toxicity of lead which has 
been banned in paints in Europe since 1992 (Official Journal of the European Union, 1989). 
Several other ingredients classified as suspected carcinogens have been inadequately 
communicated, such as  Captan (IARC group 3) (IARC, 1987) in the Enrai Zante herbicide, 4-
tert-Butyl-3,5-dinitro-2,6-dimethylacetophenone (musk ketone) (IARC group 3) in the ‘Inspirations 
- Sense of Wonder’  air freshener  and 4,4'-Diphenylmethane diisocyanate, (IARC  group 
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3)(IARC, 1999a) for the Corpro hardener maintenance product, which also contains an 
unspecified  Polyisocyanate compound.  
The limitation that unspecific chemical identities pose to chemical risk assessment is the inability 
to independently research the intrinsic hazards of the ingredients and the examples showed that 
the other inadequacies of hazard communication within the same MSDS can lead to doubts of 
the classifications of the ingredients which are not fully disclosed.  
Table 55 Results of Unspecific Chemical Identity 
Chemical Undisclosed ingredient(s) Other MSDS 
omissions 
Commodity 
Motor Oils 
Castrol 
Dynamax 
Highly refined mineral oil, Synthetic lubricants and additives Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coal  
Engen - 
Dieselube 600 
Super 
Base oils (> 80.00%); Additives (< 20.00%) Not applicable 
Coal  
Paints 
Sigma 
Coatings - 
Sigma Thinner 
Xylene, Toluene, MEK, Aromatic hydrocarbons, Alcohol's. Suspected reprotoxin; 
Insufficient CMR 
communication 
Coal  
Community 
Paints - Road 
Marking - 
White 
Aliphatic Solvent  (Stoddard Solvent)> 25 % (8052-41-3) ; 
Lead Content < 5 %; Soluble < 3 %; Soluble On Nv. < 5 % 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coal  
Cleaning Products 
Cristal Black 
Dip (C14) 
HHBTA(>10%); Rafinate Solvents (<10%); Tall Oil Refine 
(>10%); Rosin Solutions (>10%); Meths(>10%); 
Ethanolamines (>5%); Additives (<5%) 
Harmful if swallowed; 
Unknown acute aquatic 
toxicity 
Platinum 
Cristal Shower 
Clean (C15) 
Surfactants (<10%); Cleaning solvents , ethylene (<7%);water 
softners (>1%); Biocides (>2%); soft acid, citric (<10%); 
Natural cleaning additives (<5%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Platinum 
Marvel Hot C-
14 
Oxygenated solvents and alkaline salts Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Copper 
Mechanical Maintenance 
Corpro 800 P.L 
-  B 
Component 
Polyisocyanate based on MDI (30-60%); 4,4'-Diphenylmethane 
diisocyanate (MDI) (15-40%)(101-68-8); Diphenylmethane 
diisocyanate (MDI) (10-30%)(26447-40-5) 
Suspected carcinogen; 
Insufficient CMR 
communication Coal  
Laboratory Chemicals 
Flomin C-4440 Allyl isobutyl xanthate ester (85-95%); Isobutyl alcohol (5-15%) 
(78-83-1) 
Not applicable Platinum 
Gardening Chemicals 
Enrai Zante Iba (0.15%); Captan (6%) Suspected carcinogen; 
Insufficient CMR 
communication;  Copper 
Flotation Reagent 
Aero-3752 
Promotor 
Inorganic sulphides  Toxic if swallowed;  
Unknown acute toxicity 
Copper 
Hostaflot Lib K Potassium dibutyl dithiophosphate;  sodium hydroxide and 
other ingredients 
 Not applicable Copper 
Drilling Fluids 
Poly-Plus 
Drilling fluid 
additive 
Anionic polyacrylamide (20 - 40%); Petroleum 
distillates,hydrotreated light 64742-47-8( 20 - 40%); trace 
acrylamide 
Not applicable 
Copper 
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8.3.3.3 Relative quantities of ingredients not stated 
 
This category identifies products where the relative quantities of one or more ingredients in a 
formulation is not listed.  
The regulatory paradigm is that low level chemical exposures are generally tolerable; however 
this has been challenged in instances where diseases have been associated with low doses of 
chemicals in the environment. This is particularly true for endocrine disrupting chemicals that 
have effects at low doses that are not predicted at higher doses (Vandenberg et al., 2012, Zoeller 
et al., 2012, Melnick et al., 2002). The implication is that ignorance about chemical effects can no 
longer be accepted and it is therefore important to know the relative quantity of components in a 
formulation. 
Unknown quantities can lead to uncertain exposure quantification. The chemical categories that 
had the largest amount of chemicals with Relative Quantities of Ingredients Unknown, were 
gardening chemicals followed by laboratory chemicals and flotation reagents (Table 56). 
In terms of gardening chemicals, the absence of the relative quantity of active ingredients hinders 
estimation of user exposure and the amount of the harmful active ingredient introduced into the 
environment, as is the case with Goal 2EC is which is toxic to aquatic life.   Hinderances to 
exposure estimation are observed for paints such as the Cedar Spray Marking Paint that 
contains an unlisted quantity of dichloromethane (possible carcinogen to humans (Group 2B)  
(IARC, 1999b).(IARC, 1999b) This classification was  not communicated in the MSDS and the 
acute toxicity value was not given either.  
The uncertainties from unknown concentrations and chemical identities become more serious for 
chemicals used daily in large quantities (more than 1 tonne per year). such as the Senkol 65 
flotation reagent, that is very toxic to aquatic life.  
These examples clearly illustrate that unknown concentrations of ingredients in products prevent 
the quantity of potential hazardous releases to be estimated and hinders compliance with 
exposure limits. Withheld information does not allow for adequate exposure evaluation and 
scenario development of a chemical risk assessment. The worst case has to be assumed in the 
cases where the concentration is unknown. The relative concentration on ingredients within 
mixtures is also a requirement for MSDS regulations in most countries as well as prescribed by 
GHS.  
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Table 56  Results of Relative Quantity Unknown 
Chemical Undisclosed ingredient(s) Other MSDS omissions Commodity 
Gardening Chemicals 
Goal 2EC Oxyfluorfen (42874-03-3) Not applicable Copper 
Laboratory Chemicals 
Senkol  9 ethyl-dithiophosphate sodium salt/dithiocarbamate, 
sodium hydroxide mixture. 
Not applicable Platinum 
Flotation Reagent 
Senkol 65 n-butyl dithiocarbamate; Sodium hydroxide Not applicable Platinum 
Water Treatment Chemicals 
Inhibitor 
ZP8501 
2-phosphonobutane-1,2,4-tricaroxylic acid (37971-36-
1); zinc sulphate (7733-02-0);phosphoric acid (7664-38-
2); Nitric acid (7697-37-2); 1-H-Benzotriazole (95-14-7) 
Unknown acute aquatic toxicity 
Platinum 
Paints 
Cedar Spray - 
Marking Paint 
Methylene chloride (dichloromethane) Suspected carcinogen; 
insufficient CMR communication;  
Unknown acute toxicity Coal  
 
8.3.3.4 Ingredients listed as trade secrets 
Trade secrets can lead to uncertainty about hazards and hinder exposure quantification and 
therefore prevent appropriate chemical risk measures from being applied.  
This category identifies products that contain one or more ingredients, the identity of which has 
been deliberately withheld and classified as a trade secret or as proprietary information by the 
manufacturer.    
Secrecy distorts the market, the research and development agenda and society’s management 
of health and the environment, and prevents the development of the information needed to make 
a balanced assessment of risk (Lyndon, 2011). 
The chemical categories that had the largest amount of chemicals with trade secret ingredients 
were motor oils (due to proprietary additives) followed by mechanical maintenance products and 
gardening chemicals. This category is similar to the unspecified chemical identities but these 
ingredients are labelled as trade secrets.  
The mechanical maintenance products listed in table Table 57 all contain components classified 
as trade secrets., such as  the lubricating oil Wurth - Pneumatic S10, which has a trade secret 
component identified as INC 80, the multipurpose lubricant, CRC-2-26, the hardener Satcoflor 
098 and the adhesive Durall Fine Line. The adhesive also contained nonylphenol which is a 
suspected endocrine disruptor  (OSPAR Commission, 2009), which was not communicated on 
the MSDS as has the additional uncertainty of absent toxicological endpoints.  
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For gardening chemicals, the trade secrets are in the form of the inert ingredients and surfactants  
that are stated but not identified as is the case with Efekto Garlon 4 where the entire product has 
been classified as being very toxic to aquatic organisms, but the LC50 value of active ingredient 
(Triclopyr) is above 100mg/l, (Sigma-Aldrich, 2012d) suggesting it is not harmful. Hence it is 
suspected that it is the unidentified surfactant that increases the toxicity of the overall product.  
Both Efekto Rosecare 3 and Snail Ban contain unidentified inert compounds  as well as 
suspected CMR compounds.  Snailban contains the suspected carcinogens, Captan and 
Carbaryl (IARC group 3) (IARC, 1987) . Rosecare 3 contains the  suspected reproductive toxin 
Myclobutanil (Sigma-Aldrich, 2012c), but he MSDS specifically states that none of the ingredients  
have any genotoxic effects  (Efekto, 2011). 
The uncertainty in chemical identities becomes more important when chemicals are used on a 
large scale with the possibility of widespread exposure, as in the case of Fluorarad Mist Control 
Agent used in the electrowinning plant and  Anfo explosive booster used in underground coal 
mine blasting. The mist control agent contains a trade secret ingredient as well as residual 
perfluoroalkyl sulfonate (PFAS), which could include the homologue perfluorooctane sulphonate 
(PFOS), which is a  persistent organic pollutant (POP) (Stockholm Convention on Persistent 
Organic Pollutants, 2007).  
The explosive contains a fuel additive that has been classified as a suspected carcinogen and 
the identity of the additive is not given. It may be considered that this information is not important 
as the ingredients are decomposed to carbon oxides and nitrogen oxides on explosion. 
Nevertheless, it is clearly an issue of concern, as Dinitrotoluene which is also a component of 
some explosives is on ECHA’s Authorisation list, with a sunset date of 21/08/2015 (ECHA, 
2012b). The European Commission states that the conclusion for the assessment of risks is 
reached because of ‘concerns for repeated dose toxicity and toxicity for reproduction (fertility) as 
a consequence of dermal exposure arising from the manufacture and use of explosives’. 
(European Union, 2008). These example show that undisclosed identities and trade secrets lead 
to uncertainty in indentifying hazards, estimating exposure and quantifying the risks, which 
hinders appropriate chemical risk management measures. 
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Table 57  Results of Trade Secrets 
 
 
8.4 Discussion 
The wide ranging chemical types, from specialist flotation reagents to commercially available 
cleaning products with undisclosed information  illustrates the extent to which industry workers 
can be exposed to such chemicals. 
Out of a total of 957 different chemicals used across the three mining operations examined 
(copper, platinum, coal),188 (20%) contained undisclosed information, with the coal operation 
Chemical Undisclosed ingredient(s) Other MSDS 
omissions 
Commodity 
Motor Oils  
Essontrans 
10w 
Calcium Sulphonate (0.1-1%) (Polymer); Tetrapropenyl Phenol 
(0.1-1%) (121158-58-5);  Zinc Aryldithiophosphate (1-5%) 
(Confidential) 
Not applicable 
Copper 
Shell- Tellus 
46 
Synthetic hydrocarbon base oil (90-99%) (blend); Proprietary 
additives (1-3%) (Proprietary) 
Unknown acute aquatic 
toxicity 
Platinum 
Castrol - EPX 
SAE 80W-90  
not classified as dangerous - Highly refined base oil (IP 346 
DMSO extract < 3%). Proprietary performance additives. 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coal 
Mechanical Maintenance 
Durall Fine 
Line 
Part A: Bisphenol A Epoxy Resin (25068-36-6); Multifunction 
Acrylate Monomer (13048-33-4) Amorphous Silicia (7631-86-9); 
Trade secret. Part B: Benzyl Alcohol (100-51-6); Nonylphenol 
(25154-52-3); Vestamin IPD *2855-13-2); Modified Aliphatic 
Polyamine (trade secret); Trade secret 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity; suspected 
endocrine disruptor Copper 
Wurth - 
Pneumatic 
S10 
Óleo mineral (98.98%) (8042-47-5); Silicone (0.02%) (63148-
62-9); INC 80 (1%) (trade secret) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Copper 
CRC-2-26 - 
Multipurpose 
lubricant 
Isoparaffinic hydrocarbon (65-75%) (64742-47-8); White mineral 
oil (`15-25%) (8042-47-5); Corrosion inhibitor blend (TS) (5 – 
15); Carbon dioxide (1-5%) (124-38-9) 
Not applicable 
Platinum 
Satcoflor 098 - 
Hardener 
BENZYL ALCOHOL (40%) (100-51-6) ; 
1SOPHORONEDIAMINE (IPD) (30%) (2855-13-2 ); Remainder 
is TS 
Not applicable Platinum 
Gardening Chemicals 
Roundup  Glyphosate\(360.0 g/l\0 a.e. As N-(phosphonomethyl)glycine, 
IPA salt. (1071-83-6) ; Surfactant (TS); Inerts (Balance) 
Not applicable Coal 
Efekto - 
Garlon 4 
Triclopyr (61.0-62.0 %)( 0 6 4 7 0 0 - 5 6 – 7) ; Surfactant 
(<5.0%) (TS); Kerosene 20.0-(40.0%)( 008008-20-6) 
Not applicable 
Coal 
Rosecare 3 Bifenthrin (2.0 g/l) (82657-04-3); Myclobutanil (7.5 g/l)( 88671-
89-0); Inerts Balance 
Suspected reprotoxin; 
insufficient 
communication; Toxic to 
aquatic life Coal 
Snail Ban 1-naphyl methylcarbamate (Carbyl) (20g/kg) (63-25-2);  Captan 
(0.05 g/kg)( 133-06-2)   Metaldehyde (30.0 g/kg) (108-62-3) ; 
Inerts 
Suspected carcinogen Coal 
Cathode Plant/Water Treatment Reagents 
Fluororad- 
Mist Control 
Agent- FC 
1100 
Acrylate Adduct +(5965P) (45-55%) (trade secret);; Residual 
perfluoroalkyl sulfonates (<5%) (mixture) 
Unknown acute toxicity ; 
Harmful to aquatic life; 
Potential POP Copper 
Explosive 
Anfo Silos  Ammonium nitrate (6484-52-2)(>90%); Fuel additive (<10%) Suspected carcinogen Coal 
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accounting for majority of the undisclosed chemicals (41%). It was also the operation that had 
the highest percentage of undisclosed chemicals per site (37%). Each of the operations had a 
similar trend in terms of types of undisclosed chemicals, and when combined into one analysis, 
motor oils accounted for the highest percentage (29%) followed by cleaning products (20%) and 
mechanical maintenance chemicals (19%). These types of chemicals are commercially available 
and reflect activities present in all industries that require cleaning and maintenance, suggesting 
that this problem is widespread.  
The undisclosed chemicals were subjected to a more in depth analysis to understand the types 
of undisclosed information, in order to highlight the specific deficiencies that could occur in 
chemical management of the types of chemicals used in the mining industry, as well as the 
hindrances to risk assessment relevant to all industries. The chemicals were analysed within four 
categories: i) Incomplete disclosure; ii) Unspecific chemical identification; iii) Relative quantities 
of ingredients not stated and iv) Ingredients listed as trade secrets.  
Evaluation of the MSDSs of the undisclosed chemicals revealed that the most common type of 
omission was unspecific chemical identifications, with motor oils having the highest quantity in 
this category. The issues associated with this type of disclosure were documented in past studies 
and are reinforced by this work. When the full chemical identities of ingredients are withheld, and 
the CAS numbers not given, the intrinsic hazards of the ingredients cannot be cross-checked, 
especially in cases where the acute toxicity value is not reported. The ability to cross-check  
intrinsic hazards with other sources is important as several examples show that chemical 
products contain suspected CMR ingredients, but the relevant classification was not reported in 
the MSDS and  discovered only by cross-checking  their CAS numbers. Results showed there is 
particular concern about cleaning products, paints and gardening chemicals. The issue of 
uncertainty is similar for the incomplete disclosure category, where the absence of a full list of 
ingredients means that workers are exposed to known active ingredients as well as undisclosed 
and possibly untested ingredients. Although such ingredients have been omitted because they 
are not classified as hazardous; in many cases the overall acute human health and acute aquatic 
toxicity endpoints are absent. This is a common problem with commercially available cleaning 
products, as well as motor oils, and mechanical maintenance products. 
 
The trade secret ingredient category was given priority over the others when grouping the 
chemicals because it represented a deliberate form of undisclosed information, and is protected 
by regulations relating to confidential business information. This category accounted for 22% of 
the total undisclosed chemicals, and 4% of all chemicals used across the three sites. Trade 
secret ingredients raise similar concerns to the other categories in that there are doubts about 
the safety of the products in cases where the overall endpoints are not reported or if the hazard 
classification of a known ingredient is not adequately communicated. Again there is a concern 
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with gardening chemicals which contain undisclosed surfactants with the ability to increase the 
overall toxicity of the chemical. The case of undisclosed fuel additives in explosives is also of 
concern in cases where the additive is a suspected carcinogen. 
 
If the relative quantity of ingredients are absent the exposure estimation to the users of the 
chemicals is hindered and the amount of harmful active ingredients introduced into the 
environment cannot be quantified. This is of particular concern for gardening chemicals as well 
as flotation reagents, of which large volumes are used daily.  
Analysis of the four categories of undisclosed ingredients shows that the main is the inability to 
independently research the intrinsic hazards, especially when there is doubt about the accuracy 
of the classifications that is communicated. In these cases, the worst case classifications should 
be used which may lead to an unrealistic risk characterisation and a waste of resources in 
chemical management. 
A detailed scrutiny of the chemical management effects caused by the undisclosed information 
on each chemical type studied, is given in tableTable 58. This was determined by consideration 
of MSDS inadequacies as well as the exposure data collected and the controls in place.  
Table 58 The impact of undisclosed information on chemical management in the mining 
industry 
Type of 
chemical 
MSDS Inadequacies  General exposure controls 
Impact on chemical 
management 
Laboratory 
Chemicals 
6% (11 out of 188) of the total 
undisclosed chemicals are used in 
the laboratory. 
Used daily in small quantities; 
fumehoods; labcoats ; gloves; 
spillage kits;  all MSDSs available; 
emergency procedures in place;  
appropriate storage. 
 The good exposure controls 
reduce exposure to all 
chemicals.   
Mechanical 
Maintenance 
Products  
19% (36out of 188) of total 
undisclosed chemicals; Hardener 
with suspected CMR not 
communicated ; 
Used as required  in small 
quantities; extractive ventilation not 
required; MSDSs not always 
referred to; chemical risks 
overlooked in comparison to risk of 
injury from machinery; most 
products used are commercially 
available.  
Poor MSDS communication 
reduces effectiveness of 
occupational safety. 
Cleaning 
Products  
20% (37 out of 188) of total 
undisclosed chemicals; 89% of 
these had unknown acute toxicity 
and/or acute aquatic toxicity 
endpoint. 
Used daily in small quantities; 
varying stringencies in chemical 
management and PPE worn; several 
cleaning products  from local 
manufacturers and used by 
contractors;  internationally  
renowned brands also used. 
   Workers may be exposed 
to several untested 
ingredients on a daily basis.   
Motor Oils 
29%  (54 out of 188) of total 
undisclosed chemicals and 1 out of 
6 suspected CMR;  the MSDSs for 
most motor oils disclose minimal 
ingredient information; the LD50 and 
/orLC50 values are not reported in 
majority of cases (70%). 
Used on a daily basis in large 
quantities.  Controlled use and 
disposal.  
The exposure controls for 
oils reduce possible risk of 
harm from undisclosed 
information.  
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The risk of harm to workers from undisclosed ingredients is low for chemicals used on a large 
scale in the plants and those used in laboratories because they are well regulated by consistent 
exposure controls and the use of appropriate PPE. If there were an accidental release of bulk 
chemicals, both humans and the environment would be exposed to a large quantity of 
unidentified substances. In such cases, the accuracy of the hazard classifications would be 
critical for those reported and unreported ingredients. This study showed however that the 
majority of MSDS deficiencies were in products such as mechanical maintenance and cleaning 
products which are used in smaller quantities. Extractive ventilation was not required in the areas 
where these products were used and the level of PPE worn was variable. Workers were 
therefore exposed to a greater variety of known and undisclosed components and the risk of 
harm is greater in the cases where there is poor hazard communication in the MSDSs. It is 
critical that chemical management focuses on a more stringent and consistent standard of 
exposure controls in these work areas as well as  ensuring that the chemicals used have 
complete, accurate and fully compliant MSDSs.  
Disclosure and warnings enable workers to protect themselves. Keeping chemical risks secret 
shifts the burden of uncertainty to those with little capacity to bear it and withholds the data 
necessary to study and respond to the exposure (Lyndon, 2011).The main source of information 
about the safety and handling of a chemical product is its MSDS. If this information is 
undisclosed, misleading or inaccurate, a company’s ability to protect its workers as well as 
consumer choice is hampered. This can affect certainty when purchasing chemical products as 
well as potentially affecting industry’s reputation if the use of such chemicals is linked to injury, 
Paints 
12% (23 out of 188) of total 
undisclosed chemicals; Two contain 
suspected CMRs that are not 
communicated in MSDS 
Used as required  in  many 
operation areas;  stored in 
designated area in workshops, and 
often used by Contractors; PPE 
usage varies. 
 Poor hazard communication 
leads to insufficient exposure 
controls.    
Gardening 
Chemicals  
6% (11 out of 188) of total 
undisclosed chemicals. Three 
contain suspected CMRs that are 
not communicated in MSDS; 
Surfactants unknown, but may 
increase toxicity of substances.   
Used when required; used by 
contractors; not recorded on 
databases; storage not always 
appropriate 
 Poor hazard communication 
leads to insufficient exposure 
controls.    
Cathode/Water 
Treatment 
Reagents  
3% (5 out of 188) of total 
undisclosed chemicals; majority 
contain trade secret ingredients 
 Used daily in large quantities;  PPE 
worn; MSDSs available; restricted 
access 
 Hazard information cannot 
be cross-checked  and large 
quantities of unknown 
substances can be released 
into environment. Exposure 
controls in place,  protect 
workers from undisclosed 
information 
Flotation 
Reagents  
4% (11 out of 188) of total 
undisclosed chemicals;  
Used daily in large quantities;  PPE 
worn; hazard fume detectors 
present;  MSDSs available; 
restricted access;  staff appropriately 
trained. 
Explosives 
0.5% (1 out of 188) of total 
undisclosed chemicals and the  
unidentified fuel additive is a 
suspected carcinogen. 
Highly regulated by Contractors. 
Workers are exposed via 
inhalation and dermal 
contact to unidentified   
explosive ingredients.  
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death or environmental contamination. Understanding the nature and type of undisclosed 
information in MSDSs is essential to correct the deficiencies and obtaining MSDSs that are in 
line with current legislation and industry best practice. 
This study also highlighted the hindrances that undisclosed information posed to chemical risk 
assessment generally. These hindrances which were discussed in section 3.3 are summarised in 
table Table 59. 
 
Table 59 Hindrances to risk assessment caused by undisclosed information 
Undisclosed Category Hindrance to risk assessment 
Incomplete disclosure Prevents cross-checking of ingredients during hazard 
assessment 
Unspecific chemical identities Inability to independently research the intrinsic hazards 
of the ingredients. 
Uncertainties about accuracy of hazard classification of 
undisclosed ingredients 
Relative quantities unknown Prevents the quantity of potential hazardous releases to 
be estimated in exposure assessment 
Trade secret Inability to independently research the intrinsic hazards 
of ingredients.  
 
The finding of this study in the mining industry is also of particular relevance to other industries, 
as it identifies the chemical inadequacies and considers chemical management in a multinational 
company that has to accommodate different legislations and practices.  
This study shows that the MSDS deficiencies described in previous studies from 1995 are still in 
existence. Although MSDS regulations have stipulated the criteria that must be adhered to, 
compliance has not always been enforced. However at the end of 2008, the Forum for Exchange 
of Information on Enforcement of the REACH regulation commenced a forum enforcement 
(REACH-en-force 1) project to verify the compliance of manufacturers and importers with 
REACH obligations on (pre-) registration and MSDSs. In 2010, the results of inspection indicated 
that of the 5,338 MSDSs checked, 808 (15%) were incorrect (in terms of being dated and 
containing information under 16 headings) (ECHA, 2010a). These MSDS inspections are still 
carried out in REACH-en-force 3 (2011-2013 work programme).   
Until similar approaches of MSDS inspections are carried out globally, companies have to 
implement their own MSDS compliance policy. Welsh and co-workers (2000) stated that the lack 
of applied international standards for MSDSs means that the importation of chemical products 
179 
 
from countries having diverse disclosure requirements, trade secret provisions and definitions of 
hazardous ingredients can result in ineffective disclosure. This highlights the importance of the 
global implementation of the GHS in standardising hazard communication requirements for 
labelling and safety data sheets. This should facilitate a high standard of protection for mine 
workers across all commodities of a multi-national mining company. Citizens are entitled to know 
the chemicals to which they are exposed and their effects so that they can respond to the 
information with individual choices (such as purchasing or not), with litigation, with political action, 
or with all three  (Applegate, 2009). All industries that use a wide range of chemicals, including 
the mining industry, should also be entitled to such information in order to protect the health of 
their workers. However, this approach cannot even be considered without chemical regulations. 
It is important to understand and question how the role of REACH, its enforcement by ECHA, the 
implementation of GHS and the legislative milestones for the future will achieve a balance 
between protecting human health and the environment and ensuring the competitiveness of the 
chemical industry.   
 
8.5 Conclusions 
This study identified the extent of the problem of undisclosed information in chemicals used 
mining operations and the hindrances to adequately protecting the health of the workers. The 
communication of the hazard information in the MSDSs varies according to the chemical type, 
the manufacturer and the regulations governing the MSDSs. In order to address these 
inconsistencies and safeguard workers from known and undisclosed chemical hazards, a 
company-level policy should be implemented into the hazardous materials standard to ensure 
that hazard communication is consistent and comparable for all chemicals in all commodities of a 
mining company. The policy should stipulate that the quality of the safety information provided in 
MSDSs be screened during the procurement stage. The MSDSs should be GHS compliant for 
comparability which should include: the ingredients being listed with their CAS numbers (or other 
identification number) full chemical name and concentration of all ingredients which are classified 
as health hazards and in cases where CBI is withheld, this should be indicated. If there are cases 
of ambiguity in information disclosure, then the policy should state that an agreement be made 
with the manufacturer of the chemical that all ingredients be disclosed to a health professional if 
required.  
 
It comes down to the duty of care that industries have towards their employees. With a wide 
range of chemicals increasingly used, there is a balance that needs to be reached between 
disclosure requirements, trade secret provisions and definitions of hazardous ingredients for 
market needs, and the information required to protect the health of their workers.  
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The next chapter (chapter 9) incorporates the understanding of the hindrances of undisclosed 
information into the risk framework. The hazard identification results and the exposure 
assessment results are combined to determine the overall risk of the individual chemicals and 
the workspaces in which they are used. The undisclosed information is integrated into the risk 
assessment to exemplify the restrictions they pose to the process, as well as to introduce 
practical solutions for overcoming this problem in the mining industry.  
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CHAPTER 9: RISK CHARACTERISATION AND CHEMICAL 
MANAGEMENT 
9.1 Proposed Risk Framework   
This chapter outlines how the different stages of the proposed chemical risk framework  are 
combined to characterise the risk posed by the chemicals used across the mining operations and 
introduces measures for appropriate and effective chemical risk management in the mining 
industry, for both currently used and future chemicals. The results (normalised hazard scores) of 
the hazard identification stage and those of the exposure assessment stage (normalised 
exposure scores) are multiplied to determine the risk of the individual chemicals (section 9.2.1.1). 
The chemical risks within the workspaces are determined by considering the combined use of 
the typical range of chemicals within the workspaces (section 9.2.1.2). 
The overall discussion of the development, value and novelty of the stages of the chemical risk 
framework as well as the limitations are given in section (section 9.3).  
The structure of the chemical risk framework is given in section 9.1, figures 2 and 55. Figure 2 
demonstrates how the data for the hazard and exposure stage can be assimilated and the final 
results combined to determine the overall mine workspace risk. Figure 55 illustrates the 
proposed decision making process for chemical management for current and future chemicals 
including proposed solutions to address the uncertainties faced by undisclosed information.   
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Figure 2  Structure of Chemical Risk Framework for the mining industry  
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Figure 55 Proposed decision making process for chemical management 
184 
 
9.1.1 Risk Characterisation  
Risk is defined as probability (exposure to a chemical) x consequence (severity of chemical 
hazard) (Health Protection Agency, 2013). Risk Characterisation is the qualitative or quantitative 
estimation of the probability of occurrence and severity of adverse health effects in a given 
population based on hazard identification and exposure assessment (World Health Organization, 
2001). 
9.1.1.1 Chemical Risk Ranking 
Risks are ranked by multiplying the hazard and exposure scores determined previously (chapters 
6 and 7) to define y the overall risk ranking of the chemicals requiring focused management. 
The original total scores of the chemicals were normalised to fixed ranges between 1-100 in 
order to classify them as high, medium and low levels of hazard and exposure. The  following 
criteria was used (tableTable 60). 
Table 60 Criteria of hazard and exposure levels  
Hazard Criteria  
Level and 
score   
Exposure Criteria 
Majority of chemicals classified as ‘fatal’ 
and/or ‘CMR’. 
High 
70-100 
Majority of chemicals are used in large 
quantities and are used frequently. 
Majority of chemicals classified as harmful 
to human health or the environment or have 
unknown toxicities. 
Medium 
40-60  
Majority of chemicals are used 
occasionally to frequently and in 
medium to small quantities. 
Majority of chemicals do not have a 
classification. 
Low 
1-30 
Majority of chemicals are used 
occasionally or none at all and in small 
quantities. 
 
The scores indicate the embedded information about the severity of the hazards and the extent 
of the exposure, and therefore informs the likelihood of undesirable situations occurring. The 
results of these multiplications also indicate the way in which the high risk chemicals can be 
reduced to acceptable levels, where there is a low probability of severe harm occurring. 
In order to focus the resources of industry efficiently, the scores can be used to prioritise the 
chemicals, and therefore risk action levels can be defined using a plot of the scores.  
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9.1.1.2 Workspace Risk Ranking 
The chemical risk were also used to determine the workspaces where the greatest amounts of 
chemicals of concern are used and these were then ranked. This indicates operational areas 
requiring further evaluation in order to better understand the risks and focus the management of 
chemicals.   
The chemicals within each risk action level were grouped according to their application, which 
also reflected the areas in which they were used. The information was then represented in the 
form of pie and bar charts to indicate how the risks were distributed amongst the workspaces.  
The workspaces were then ranked by: 
- Grouping chemical types into the workspaces in which they are likely to be used 
- Using the total number of high risk chemicals within a workspace to rank them   
9.1.2.3  Workspace Risk Analysis   
The workspace risk analysis is in two parts: i) the introduction of typical high risk chemicals in 
established exposure conditions and ii) analysis of the risk by applying an index.   
i) Typical High Risk Chemicals in Workspaces 
The conceptual models of the workspaces showing the exposures to the typical chemicals were 
introduced in the exposure assessment chapter (chapter 7). The analysis of the workspaces 
takes into account the interaction of the high risk chemicals with the established typical 
conditions and is illustrated in the conceptual models.  
The steps to introduce the typical high risk chemicals into the conceptual models for human 
health are as follows:  
- Identify the highest risk chemicals from the risk characterisation for each chemical type. 
- Identify the ingredients of typical high risk chemicals and undisclosed information in 
MSDSs. 
- Identify the partial  vapour pressure of ingredients from high risk chemicals and the total 
pressure of the entire formulation. 
- Plot total vapour pressures of high risk chemical with pure vapour pressures of typical 
ingredients.  
- Calculate the equilibrium vapour space concentrations of ingredients of high risk 
chemicals 
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- Indicate the possible exposure routes of the high risk chemicals to person(s) in work area.  
- Group ingredients of high risk and typical chemicals by their hazards and indicate 
potential routes of exposure. 
- Distribute the remainder of typical ingredients in the workplace according to their relative 
vapour pressure and whether they are hydrophilic/lipophilic. 
 
ii) Industry Workspace Index (IWI) 
The Industry Workspace Index (IWI) quantifies the results to allow a comparison of the 
workspaces. The index incorporates parameters that reflect the appropriateness of exposure 
controls for the typical chemicals used. The index can also be used as a decision making tool 
when introducing new chemicals.  
Several indices that combine chemical hazard and extent of exposure into one numerical 
indicator to rank the risk posed by chemicals were reviewed in chapter 4. Some of those 
reviewed were the Environmental Hazard Index (EHI), the Substance Fire Hazard Index (SFHI), 
the Inherent Occupational, Hazard Index (IOHI), the Environment–Accident Index (EAI), the 
Integrated Inherent Safety Index (I2SI), the Process Route Healthiness Index (PRHI), the Safety 
Weighted Hazard Index (SWeHI) and Dow's Fire and Explosion Index. 
The Industry workspace index in this case, is the ratio of penalties to credits. Penalties are points 
attributed to undesirable situations and credits are the control measures in place to counter the 
undesirable situations. The concept of assigning penalties and credits are used in many indices, 
notably the Safety Weighted Hazard Index (SWeHI) (Khan et al., 2001) and the Dow fire and 
explosion index (Gupta, 1997). This concept has been adapted to establish the industry 
workspace index for the examples for mining operations used here.  
The index applies to typical chemicals and hazards within a workspace and therefore is 
considered only for three or more chemicals with a particular hazard. The procedure for 
developing the index is as follows: 
- Assign points to the typical combined hazards, exposures, physicochemical properties, 
atmosphere conditions, undisclosed information, communication and control measures. 
- The range of hazard and exposure points should ensure that if CMR hazards are present 
and adequate exposure controls are not in place, the penalty to credit ratio should be 
above 1. 
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- Weigh the hazard and exposure subcategories in terms of their severity or likelihood of 
exposure, as well as in terms of the scenarios that would be of concern to the industry.  
- Determine the points by considering them as penalties if they contribute to undesirable 
situations and credits if they offset the situations.  
- Calculate the index as follows:  
 
 
 
The lower the index ratio, the better the control measures are in offsetting the undesirable effects, 
so that the ratio indicates the appropriateness of existing chemical management in workspaces.  
If the total penalties and credits are the same, then the undesirable situation would be offset and 
the value of the index would be 1. 
This index is biased towards reducing the exposure to CMR chemicals and therefore the only 
acceptable situation for the presence of confirmed CMR chemicals is a closed or partially closed 
system. If these conditions are not achieved, the ratio will always be above 1.  The values are set 
that if CMR chemicals are in a workspace, the total exposure controls credits, excluding the 
closed system criterion will be lower than the value of the CMR hazard penalties.  
The categories and parameters of the index from the assessment of four workspaces focussed 
on human health as an example of application.  
The assessment categories and highest possible penalty and credit points are given in Table 61 
and Table 62. The tables list the assessment categories, subcategories and associated points, 
as well as the sub-total points for each category and the total points. For the exposure category, 
only one subcategory of the typical daily quantities can apply. For ventilation, the system can 
either be closed or have an extraction system and for the PPE category, only one subcategory 
can be selected, all PPE or some PPE.  
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Table 61 Maximum penalties assigned to workspace index assessment categories 
Health Penalties 
Categories Points 
Hazard  Known CMR  50 
Suspected CMR  30 
Fatal 30 
Toxic by inhalation/contact 8 
Contact with water/acid liberates toxic gas 6 
Other health hazards  3 
Maximum Sub-total  127 
Exposure - Only one subcategory applies (maximum is 5)  
Typical daily quantities > 1 tonne 5 
Typical daily quantities  > 500 g to <20000 g 3 
Typical daily quantities <500g 1 
Maximum Sub-total  5 
Mixtures  More than 3 multicomponent chemicals  5 
More than 3 single component chemicals  2 
More than 3 hydrophiles and 3 lipophiles 5 
Maximum Sub-total  12 
Vapour pressure (majority of substances or mixtures)  
More than 3 with chemicals with high VP 5 
More than 3 with medium VP 3 
Low VP 1 
Maximum Sub-total  9 
Dustiness   More than 3 chemicals in powder form  5 
Maximum Sub-total  5 
Theoretical vapour space concentration   Concentration of daily use quantity greater than TWA 8 
Maximum Sub-total  8 
Undisclosed   Trade secret 5 
Unspecific chemical identities 4 
Unstated relative quantities 4 
Incomplete disclosure  3 
Maximum Sub-total  16 
Ventilation  Low natural ventilation  8 
No extractive ventilation 6 
Maximum Sub-total  14 
PPE  
No appropriate PPE 6 
Maximum Sub-total  6 
Communication   
No emergency procedures in place  8 
No MSDSs available  7 
Hazard labelling not on all containers  5 
Hand labelled containers 3 
Maximum Sub-total  23 
Total Penalties 225 
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Table 62 Maximum credits assigned to workspace index assessment categories 
Health Credits 
Categories Points 
Hazard 
 
All chemicals have no classification 30 
Maximum Sub-total 30 
Exposure NA 
Mixtures NA 
Vapour pressure (majority of substances or mixtures) NA 
Dustiness NA 
Theoretical vapour space concentration  
Concentration of daily use quantity less than TWA 10 
Maximum Sub-total 10 
Undisclosed NA 
Ventilation -  Closed or extraction (maximum is 168)  
Closed/partially closed system 136 
Extraction system 100 
Fumehoods 25 
Natural ventilation 4 
Detectors of toxic chemicals 3 
Maximum Sub-total 168 
PPE  - All or some PPE (maximum is 6)  
All PPE worn 6 
Some PPE as stipulated 2 
Maximum Sub-total 6 
Communication  
Training programme in place for safe use of chemical in question 6 
MSDS in storage and usage area 3 
Reminders to wash hands before eating and smoking 2 
Maximum Sub-total 11 
Total Points 225 
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9.1.2  Chemical Management 
Risk is reduced by either substituting, isolating or eliminating the hazardous substance. This is 
done  by invoking more stringent procedures to prevent the hazardous substances reaching the 
receptor, or by removing the hazard from the source, or by quantifying the risk if risk reduction is 
not possible . 
This stage illustrates the significance of the chemical risk procedure in terms of chemical 
management. These measures consider the hazards and exposures and exposure controls 
encountered when assessing the individual chemicals and defining and analysing the 
workspaces. The management decisions are driven by essentiality of chemicals to the mining 
operations, the availability of substitutes and the economic viabilities of the exposure reduction 
methods.   
 
9.2 Application to Case Study    
9.2.1 Risk Characterisation  
9.2.1.1 Chemical Risk Ranking Results 
The risk scores for the 850 different chemicals used across the mining operations are given in 
Appendix G. The initial risk levels are combinations of hazard and exposure using the risk matrix. 
The risk scores arranged in descending numerical order indicates that there is an overlap 
between the qualitative risk matrix results. The value of using a numerical scoring system is a 
continuous and comparative ranking of risks and a more accurate reflection of the risks.     
The 3 x 3 risk matrix (table 63) shows the initial output of the hazard and exposure combinations: 
Table 63 Hazard and exposure risk matrix 
 
Hazard 
 
Exposure 
Level Low Medium High 
High M H H 
Medium L M H 
Low L L M 
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Table 64 shows an example of the results of the combinations, alongside the results of the 
criteria-based assessment, used to ensure that severe hazards were highlighted. The total 
scores are the product of the hazard and exposure scores.  
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Table 64 Example of results of hazard and exposure combinations with criteria-based 
assessment 
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The screen print of table  64 showing the ranked results, indicates the hazardous properties that 
have contributed to these chemicals being classified as high risk. The top twenty high risk 
chemicals are given in table Table 67, along with both the hazard and exposure criteria to justify 
their positions.   
The results of these combinations also indicate the way in which the high risk chemicals can be 
reduced to acceptable levels, where there is a low probability of severe harm occurring. This can 
be achieved by reducing the hazard or the exposure or both, by considering the source-pathway-
receptor linkage.  
This will be illustrated using the laboratory chemical, potassium dichromate which is the chemical 
with the highest risk identified across the mining operations.  It has CMR properties, is fatal by 
inhalation, dangerous to the environment and is also used frequently under fume hood extraction. 
A solution of this compound is used for gravimetric determination of iron, which means that there 
is an exposure to the powder before it is mixed. Exposure is probable through inhalation, and 
dermal contact. The options for reducing the risk are:  to remove the source, by substituting the 
chemical by changing the method of analysis or by outsourcing the activity; inhibit the pathways 
by preventing oral, dermal and inhalation routes of exposure through improved exhaust 
ventilation or enclosing the chemical; by protecting the target by having an automated system 
that does not require contact with humans.  In the case of the environment, ensuring that the 
waste is contained and taken off site, will prevent exposure to the aquatic environment from on 
site use. All the chemicals can be managed by addressing either their hazard or exposure details. 
However there are nearly 1000 different chemicals on site and several are used at multiple sites, 
so the time and resources of the mining company have to be focused to decide which chemicals 
require immediate management. For this reason, the risk scores were used to prioritise the 
chemicals for management in different time frames. Table Table 65 shows that there is an  
overlap  between the scores within the risk matrix combinations, therefore, a cut-off point has to 
be determined to manage the chemicals efficiently. The risk scores in relation to the risk matrix 
are given in table 65. 
Table 65 Score range for risk matrix combinations 
Risk Matrix level Hazard –Exposure combinations Score range 
High 
High x High 4900-10000 
High x Medium 2800-6000 
   
Medium 
Medium x Medium 1600-3600 
High x Low 70-3000 
   
Low 
Medium x Low 40-1800 
Low x Low 1-900 
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Since there is an overlap between the scores and matrix levels, the natural breaks of groupings 
in a plot of the total risk scores will be used as a guide alongside the hazard and exposure 
criteria to determine the divisions between the risk levels.  A conservative approach will be taken 
to ensure that chemicals with only low hazards and low exposures are classified as acceptable 
risk.  Similarly, the chemicals with high hazards and exposures shall be characterised as high 
risk for immediate action.  
The hazard and exposure scores from the original levels of hazard and exposure and the 3 x3 
risk matrix was used to define the segregations of risk,  and the natural breaks in the plot of the 
risk scores used to define the values between each level of risk. The graph is given in figure 
Figure 56. 
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Figure 56 Plot of natural logarithm of risk scores that defines the combination with the risk  
action levels 
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Then natural breaks were determined by the changes in slope in the graph as defined by the 
major inflection points. The six levels of risk and corresponding action levels are as follows (table 
Table 66):  
 
Table 66  Six levels of risk and action levels  
Action Level Score Range Justification 
High - Immediate action 5040-10000 
This captures all chemicals 
that would have high 
hazards and high 
exposures. 
High -Proactively manage 2700-5039 
All remaining high-medium 
combinations were 
captured in this level.  
Medium – Actively 
manage 
912-2699 
This level captured high, 
medium and low hazard-
exposure combinations 
Medium -Monitor & 
manage 
150-911 
The level captured the 
majority of medium-
medium combinations  
Low- Monitor 71-149 
The level captured high-low  
and medium-low 
combinations   
Low-Acceptable <71 
The level did not contain 
any chemicals with high 
hazards or exposures. 
 
The number of chemicals in each risk action level is given in figure Figure 57. 
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Figure 57 Distribution of risk action levels  
The majority of the chemicals were found to have a medium risk of causing harm, with the need 
to actively manage their use. Most of these chemicals were neither severely hazardous nor were 
they used in significant amounts. Such chemicals need to be monitored for a change in use 
patterns that will affect the risk level. Only 39 (5%) chemicals were put in a category of 
acceptable risk in which none of the chemicals had a high hazard or exposure. Twenty-seven 
(3%) chemicals were classified as high risk with the need for immediate action. These chemicals 
all had severe hazards and are used frequently in large quantities. The 20 highest risk chemicals, 
ranked by their scores are given in table 67 along with their hazard and exposure criteria.  
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Table 67 Results of chemical risk ranking  
 
 
Rank Chemical Chemical Type 
Risk 
Score 
Main Hazard 
details 
Exposure details 
1 Potassium Dichromate Laboratory 5893 
Fatal, CMR, 
Environmental 
Hazard, Priority 
List. 
Annual Quantity < 10 kg; Used daily; 
solid form; All exposure routes 
probable; concentration in container 
above exposure limit but used in 
fume hood; training programme in 
place; first aid kits and safety 
showers in place; Solution diluted 
and disposed of down sink to 
municipal waste; 
2 Aero MX-3753 Promoter Flotation Reagent 5760 
Numerous 
hazards 
 
(Harmful if 
swallowed;  
Causes severe 
skin burns and 
eye damage;  
May cause an 
allergic skin 
reaction; Toxic 
to aquatic life 
with long lasting 
effects ; Not 
inherently 
degradable in 
biodegradability 
test; Contact 
with acids 
liberates toxic 
gas, 
Undisclosed 
ingredient) 
Annual Quantity > 100 kg; Used daily 
in liquid form; All exposure routes 
probable; concentration in container 
above exposure limit but used in 
ventilated area; training programme 
in place; first aid kits and safety 
showers in place; Disposed to 
Tailings Dam; Disposal area 
accessible to animals; Safety fixtures 
in place; Designed to prevent 
infiltration to surrounding environment 
3 Aero-3752 Promotor Flotation Reagent 5609 
Numerous 
hazards 
(Toxic if 
swallowed; 
Causes severe 
skin burns and 
eye damage; 
Unknown acute 
aquatic  toxicity; 
Contact with 
acids liberates 
toxic gas, 
Undisclosed 
ingredient) 
Annual Quantity > 100 kg; Used daily 
in liquid form; Exposure route - eyes; 
Used in ventilated area; training 
programme in place; first aid kits and 
safety showers in place; Disposed to 
Tailings Dam; Disposal area 
accessible to animals; Safety fixtures 
in place; Designed to prevent 
infiltration to surrounding environment 
4 
ICP Multi-
element 
standard 
solution IV 
Laboratory 5544 CMR 
Annual Quantity < 10 kg; Used daily; 
liquid form; multiple routes of 
exposure; extraction system; training 
programme in place ;MSDS in 
storage and usage area;; Safety 
showers;  Solution diluted and 
disposed of down sink to municipal 
waste;  Compatible storage of 
chemicals. 
5 Toluene Coal Plant 5475 CMR; Priority list 
Annual Quantity <1000 - 100Kg; 
Used daily; liquid form; multiple 
routes of exposure; extraction 
system; training programme in 
place ;MSDS in storage and usage 
area;  First-Aid kits present where 
chemicals are being used; disposal to 
salvage yard/designated area; 
Residues taken off-site; Usage area 
has a high concentration of workers 
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Table  67 (cont) Results of chemical risk ranking  
Rank Chemical Chemical Type 
Risk 
Score 
Main Hazard 
details 
Exposure details 
6 Hexane Coal Plant 5475 CMR 
Annual Quantity <1000 - 100Kg; 
Used daily; liquid form; multiple 
routes of exposure; extraction 
system; training programme in 
place ;MSDS in storage and usage 
area;  First-Aid kits present where 
chemicals are being used; disposal to 
salvage yard/designated area; 
Residues taken off-site; Usage area 
has a high concentration of workers 
7 Sodium Isobutyl Xanthate (SIBX) Flotation Reagent 5472 
Numerous 
hazards 
Harmful if 
swallowed ;  
Causes mild 
skin 
irritation;Toxic to 
aquatic life;  Not 
inherently 
degradable in 
biodegradability 
test;  Estimated 
(QSAR) Log 
Kow ≥ 4; 
Contact with 
acids liberates 
toxic gas 
Annual Quantity  <500,000 – 1000kg; 
Used daily; liquid form; multiple 
routes of exposure; concentration in 
container above exposure;  ventilated 
area; training programme in place; 
Chemical transformation; Disposed to 
Tailings Dam; Disposal area 
accessible to animals; Safety fixtures 
in place; Designed to prevent 
infiltration to surrounding environment 
8 Vinylester Resin Mechanical Maintenance 5402 CMR 
Annual Quantity   <1000 - 100Kg; 
Used daily; liquid form; multiple 
routes of exposure; ventilated area;  
Chemical transformation; disposal to 
salvage yard/designated area. 
9 Potassium Permanganate 
Water Reclamation/ 
Laboratory 5396 
Numerous 
hazards 
Harmful if 
swallowed; Very 
toxic to aquatic 
life with long 
lasting effects;  
May intensify 
fire; oxidiser 
Annual Quantity  <500,000 – 1000kg; 
Used daily; liquid form; multiple 
routes of exposure; concentration in 
container above exposure;  ventilated 
area; training programme in place; 
Other emergency procedures in 
place;  Chemical transformation; 
enclosed disposal; Safety fixtures in 
place; Designed to prevent infiltration 
to surrounding environment 
10 Tetrabromoethane (Bromoform) Coal Plant 5396 Fatal 
Annual Quantity  <500,000 – 1000kg; 
Used daily; liquid form; multiple 
routes of exposure; concentration in 
container above exposure;  
Extraction system; training 
programme in place; All PPE worn;  
Safety showers; Compatible storage 
of chemicals 
11 IED Explosive 5328 CMR, explosive 
Annual Quantity  <100-10kg; Used 
daily; multiple routes of exposure; 
used in ventilated area; MSDS in 
storage and usage area  All PPE 
worn;  Chemical Transformation;  
Compatible storage of chemicals 
12 Chlorine Gas Water Reclamation 5325 Environmental Hazard 
Annual Quantity   <500,000 - 
1000Kg; Used daily; gas form; 
inhalation; ventilated area; All PPE 
worn; Chemical safety suit present;  
training programme in place; 
Chemical safety suit present 
13 
Cytec - Acorga - 
PT5050 MD - 
Solvent 
Extraction 
Reagent 
Cathode Plant 5325 
Environmental 
Hazard, 
Undisclosed 
ingredient 
Annual Quantity  <500,000 – 1000kg; 
Used daily; liquid form; multiple 
routes of exposure; concentration in 
container above exposure;  
Ventilated area; training programme 
in place; All PPE worn;  Open System 
(vapours exposed); 
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Table 67 (cont) Results of chemical risk ranking  
 
 
 
 
 
 
Rank Chemical Chemical Type 
Risk 
Score 
Main Hazard 
details 
Exposure details 
14 RTU Oxine WT Water Reclamation 5325 Fatal 
Annual Quantity   <1000 - 100Kg; 
Used daily; liquid form; multiple 
routes of exposure; concentration in 
container above exposure; All PPE 
worn; MSDS in storage and usage 
area;  ventilated area; training 
programme in place; Other 
emergency procedures in place; 
15 Castrol Hyspin Motor Oil 5325 
Numerous 
hazards 
Harmful if 
inhaled; Causes 
skin irritation; 
Toxic to aquatic 
life with long 
lasting effects 
Annual Quantity < 100 kg; Used 
daily; liquid form; multiple routes of 
exposure; used in ventilated area; 
MSDS in storage and usage area;  
Some PPE as stipulated;  First-Aid 
kits present where chemicals are 
being used;  disposed to Salvage 
Yard/Designated area and residues 
taken off-site  ;  Compatible storage 
of chemicals 
16 Toilet Chemicals Mono- Blue Cleaning product 5325 
CMR; Unknown 
hazard 
Annual Quantity <100- 10Kg; Used 
daily; liquid form; multiple routes of 
exposure; used in ventilated area; 
MSDS in storage and usage area;  
Some PPE as stipulated; 
17 
Perstabil  - 
Perchloroethylen
e 
Coal Plant 5320 CMR 
Annual Quantity  <500,000 – 1000kg; 
Used daily; liquid form; multiple 
routes of exposure; concentration in 
container above exposure;  
Extraction system; training 
programme in place; All PPE worn;  
Safety showers; Compatible storage 
of chemicals 
18 Alkaline Cyanide Reagent Laboratory 5256 Fatal 
Annual Quantity < 10 kg; Used daily; 
liquid form; All exposure routes 
probable; concentration in container 
above exposure limit but used in 
fume hood; training programme in 
place; first aid kits and safety 
showers in place; Solution diluted 
and disposed of down sink to 
municipal waste; 
19 Formalin Cathode Plant 5256 CMR 
Annual Quantity  <500,000 – 1000kg; 
Used daily; liquid form; multiple 
routes of exposure; concentration in 
container above exposure;  
Ventilated area; training programme 
in place; All PPE worn;  Safety 
monitoring not established); 
20 Senkol 65 Flotation reagent 5256 Environmental Hazard 
Annual Quantity  <500,000 – 1000kg; 
Used daily; liquid form; multiple 
routes of exposure; ventilated area; 
training programme in place; 
Chemical transformation; Disposed to 
Tailings Dam; Designed to prevent 
infiltration to surrounding environment 
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The chemical that poses the highest risk in the mining operations, as a result of its severe 
hazards and its frequent usage, is potassium dichromate which is used in several laboratories.  
The second and third most high risk chemicals due to their multiple hazards and their frequent 
usage in high quantities are flotation reagents. The ranking of the relative chemical risks 
therefore shows the urgency with which such chemicals need to be managed and is appropriate  
to focus limited resources in  multinational companies using many different chemicals across 
different sites.  
The lists of chemicals also highlight the fact that some of the formulations contain undisclosed 
ingredients or ingredients with insufficient information about their hazards. This hinders a   
thorough assessment of risk and should be addressed. These uncertainties are incorporated in 
the workspace analyses which follow.   
9.2.1.2 Workspace Ranking Results 
The distribution of chemical types within the range of risk and action levels are given in figure 
Figure 58. 
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Figure 58 Distribution of chemical types within the  range of risk and action levels 
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Figure 58 shows that in all but one risk level, laboratory chemicals account for the highest 
number of chemicals with some degree of risk, indicating that a wide range of chemical hazards 
and potential exposures exist in the laboratories. The majority of chemicals that require 
immediate attention are also located and used in the laboratories accounting for 37% of all high 
risk chemicals.  
The bar chart in figure 59 shows the distribution of risks within the chemical types and is an 
indication of the range of risks within the different workspaces. The majority have chemicals that 
represent the full spectrum of risks. 
 
 
Figure 59 Distribution of chemicals per risk action level and workspace 
Although laboratory chemicals account for the majority of total high risk chemicals, when the 
individual categories are examined, 33% (90) of the total laboratory chemicals have been 
determined as having a high risk (with both categories of high risk combined). For mechanical 
maintenance products 17% of the 153 chemicals are high risk. In the case of cathode and water 
reclamation plant reagents and explosives and bulk reagents used in the coal plant, the majority 
of their chemicals were also in the high risk categories. 
The chemicals were grouped according to the workspaces in which they were used. For example 
in the case of the mechanical maintenance workshop workspace the paints and motor oils were 
combined with the mechanical maintenance products. Figure 60 shows the workspace ranking in 
terms of the total number of high risk chemicals (both categories of high risk chemicals). 
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Figure 60 shows the distribution for both the high risk levels combined 
When both of the high risk categories are combined, the order is: Laboratories>mechanical 
maintenance workshops > cleaning products > cathode/water reclamation plants >gardening 
chemicals  >flotation plants> explosives>coal plants  
This ranking of workspaces can be used to further focus chemical management into particular 
areas in a workspace. It is also an example of a tiered approach to reduce the number of 
chemicals requiring further analysis. 
 
9.2.1.3  Workspace Risk Analysis   
The workspace risk analysis is in two parts: i) the introduction of typical high risk chemicals in 
established exposure conditions and ii) analysis of the risk by applying an index. 
 9.2.1.3.1 Mechanical Maintenance Workshops 
 
The first analysis is of the mechanical maintenance workshops 
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i) Typical High Risk Chemicals in Workspaces 
Figure 61 Schematic of total vapour pressures of high risk chemicals within the environment 
of  the typical chemicals 
Figure 61 shows the same plot of vapour pressures of typical workshop chemicals, as well  as 
the total vapour pressures of the highest risk chemical for each of the chemical types.  These 
were selected to illustrate the presence of the high risk chemicals in a particular workspace, their 
interactions with other chemicals and the importance to chemical management decisions. The 
high risk chemicals used in this workspace and their hazard and exposure details are given in 
table 68. 
 
 
 
 
 
 
206 
 
Table 68  High risk chemicals used in this workspace 
Chemical Application Total Score Main Hazard details Exposure details 
Ecolab - Solvent 
Degreaser Degreaser 4032 
Contains suspected CMR 
ingredients (Trichloroethylene and 
perchloroethylene); ECHA SVHC 
list 
Annual Quantity < 
100-10 Kg p.a kg; 
Used daily in liquid 
form 
Rema - Tip Top -  
Cement SC 2000 Adhesive 3888 
Contains suspected CMR 
(Trichloroethylene) 
Annual Quantity < 
100-10 Kg p.a kg; 
Moderate use 
 
Powafix - Lacquer 
thinner Thinner 3763 
Contains suspected CMR 
(Toluene) 
Annual Quantity < 
100-10 Kg p.a kg; 
Used occasionally in 
liquid form 
Dura Paints - Alert 
Orange Paint 3692 
Contains CMR ingredients ( lead-
chrome pigments); on ECHA SVHC 
list; Unreported acute aquatic 
toxicity 
Annual Quantity < 10-
1 Kg p.a kg; Used 
occasionally 
Rite Lok HP42 Sealant 
- High pressure Sealant 3450 
Toxic to aquatic environment; 
several trade secret ingredients 
Annual Quantity < 
100-10 Kg p.a kg; 
Moderate use 
 
PTS- Merkle Coolant Coolant 3240 Harmful if swallowed; Unreported acute aquatic toxicity 
Annual Quantity > 100 
kg; Used daily in liquid 
form 
 
If the total vapour pressures were not available on the MSDS of the chemicals, they were 
calculated from the partial pressures of individual components.  
An example calculation using the Ecolab solvent degreaser is given in table 69.  
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Table 69  Vapour pressure calculation of Ecolab  Solvent Degreaser 
Example: Ecolab Solvent Degreaser 
Size of container = 20kg (20000g) 
Ingredients 
Quantity of 
ingredients 
Molecular 
weight 
Moles = 
mass/molecular 
weight 
Mole 
fraction 
Vapour 
pressure  
(mm Hg) 
Partial 
vapour 
pressure 
= mole 
fraction 
x vapour 
pressure 
(Raoult's 
Law) 
Equilibrium 
vapour space 
concentration 
(ppm) 
(1000000) x 
partial 
pressure)/Total 
pressure of 
volume 
system) 
Mineral spirits 
(50%) 
10000g 144 69 0.20 14 2.87 - 
Perchloroethylene 
(25%) 
5000g 166 30 0.05 58 2.99 3771 
Trichloroethylene 
(5%) 
1000g 132 8 0.47 1.5 0.71 3929 
Other ingredients 
(20%) 
4000g 
100 
(default 
for 
unknown) 
40 0.27 
200 (high 
vapour 
pressure 
assumed) 
54.37 71539 
Total vapour pressure of Ecolab Solvent degreaser (sum of partial pressures) = 61 mm Hg 
 
The calculations in table 69 show how the partial pressures are calculated from the moles and 
molar masses of the relative components to determine the overall total vapour pressure of the 
solvent degreaser. A value of 61 mm Hg indicates that inhalation of this product is likely. 
Twenty percent of the ingredients were not disclosed in the MSDS, and therefore a default 
molecular mass of 100 was assigned to produce a relatively large number of moles, and high 
vapour pressure was assumed, to account for the worst case scenario. Therefore, the real 
vapour pressure may be lower than estimated, but the absence of a full ingredient list has 
increased the value. The example illustrates the uncertainty in calculations caused by 
undisclosed information.  
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Figure 62 Equilibrium vapour space concentration for high risk chemicals 
Figure 62  shows the equilibrium vapour space concentration for the high risk chemicals shown 
in figure 61. The example calculation in table 69 also shows how the theoretical ambient 
concentration is estimated, by assuming that the room is closed and that the liquid evaporates. 
These values are therefore higher than in reality where ventilation is used.  
The schematic shows that the highest theoretical concentrations are from the undisclosed 
ingredients in the high risk chemicals, where worst case assumptions were made due to the lack 
of information.  The highest concentration was for the unknown ingredients in PTS Merkle 
coolant (PTS in figure 62) for which 68% of the ingredients were not disclosed so that worst case 
values were assumed to ensure chemical management measures provide adequate protection.  
This reflects the problem of uncertainties caused by incomplete disclosures, trade secrets and 
unknown quantities. In some cases, where the quantities of the relative ingredients were listed in 
ranges, and the total was more than 100%, the median values were used for the higher 
percentages, and the top ranges for the lower quantities of less than 5%.  
The estimation of the theoretical ambient concentrations can be compared to the exposure levels 
for the individual components, and the calculated threshold limit value (TLV) of the chemical 
mixtures. This comparison would not be possible however for concentrations of unknown 
substances.  
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The theoretical concentration calculated for perchloroethylene in the degreaser is 3770 ppm. The 
time-weighted average (TWA) exposure limit is 50ppm (Finucane, 1998). The TWA is the 
employee's average airborne exposure in any 8-hour work shift of any 40-hour work week to 
which workers may be repeatedly exposed, without suffering any adverse effects. It is a value 
that should never be exceeded (Finucane, 1998). 
The theoretical concentration is 75 times the value of the exposure limit. In this situation, the 
maximum quantity of degreaser that would have to be used on a daily basis is: 
 1/75 x 5000g (quantity of perchloroethylene in 20 container) /0.25= 
 264 grams (0.264 Kg) of degreaser daily. 
This value is conservative as the vapour pressure of the degreaser has been overestimated due 
to the unknown components, and complete evaporation is assumed.  
In reality the workspace has ventilation and the estimated limit of degreaser is unlikely to 
evaporate to its saturation level on a daily basis during in 8-hour shift. Moreover the rate of 
evaporation will be temperature dependant.  
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Figure 63  The exposure routes for workers in the workshops 
Figure 63 indicates the exposure routes for workers in the mechanical workshops. This 
schematic shows the exposure to the high risk chemicals as a result of their theoretical 
concentrations in ambient air, the form they are used in and the activities that take place.  
Most of the maintenance products have a risk of inhalation, indicated by the red arrows, as they 
are all in liquid form and the total vapour pressures are in the medium range. The sealant forms a 
solid upon completion of activity and a low vapour pressure value was given in the MSDS, 
indicating that inhalation is unlikely. Although the components in the coolant have low vapour 
pressures, 68% of the ingredients are undisclosed, and therefore the worst case assumption has 
caused the estimated total vapour pressure value to indicate a likeliness of inhalation.  
All of the products in question indicate a possible dermal route of exposure. Oral ingestion was 
not considered as this route is most probable during eating, drinking and smoking which are 
prohibited in the workshops.  
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Key for vapour pressure : Low                 Medium                      High  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 64 Schematic of CMR and Undisclosed chemicals in typical workshop atmosphere  
This final schematic (figure 64) groups together the known and presumed CMR chemicals 
present in the high risk and typical chemicals and shows that the routes of exposure are through 
inhalation and dermal contact. The exposure routes are also shown for the undisclosed 
chemicals, for which assumptions had to be made about the physicochemical properties and 
concentrations. The schematic also shows the level of vapour pressure of the known high risk 
and typical ingredients to indicate the volatility as well as whether they are considered 
hydrophiles or lipophiles.  
The schematics illustrate that the people in the mechanical workshops are exposed to an 
atmosphere of chemicals with properties that increase the likelihood of them being absorbed into 
the body with a potential for increased toxicities and unpredicted effects on a daily basis. 
Whether these effects are additive or synergistic is difficult to predict, however the types of 
chemicals found in occupational settings discussed by Zeliger et al (2008), such as paints, 
adhesives and metalworking fluids  with similar components such as toluene, xylene, heavy 
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metals and oils were also found in the workshops.  Similar effects of unpredicted toxicities to 
those reported by Zeliger et al. are therefore possible. 
 
Summary of analysis 
- High risk from chemicals used in mechanical workshops are mainly due to the presence 
of ingredients with CMR properties 
- Most of the chemicals used are mixtures rather than pure substances 
- Several contain hydrophiles and lipophiles.  
- Many such chemicals are used in small quantities on a regular basis 
 
ii) Industry Workspace Index 
The IWI ratio calculated for the mechanical workshop is shown in table 70. 
Table 70 Calculation of IWI for mechanical workshop 
Mechanical Workshop Workspace 
Penalties Points Credits Points 
Suspected CMR  30 Natural ventilation  4 
Other health hazards  3 All PPE worn  6 
Typical daily quantities  > 500 g to <20000 
g 3 
MSDS in storage and usage 
area 3 
More than 3 multicomponent chemicals  5 Reminders to wash hands before eating and smoking 2 
More than 3 hydrophiles and 3 lipophiles 5     
More than 3 with medium vapour pressure 3     
Low vapour pressure 1     
Concentration of daily use quantity greater 
than TWA 8     
Trade secret 5     
Unspecific chemical identities 4     
Incomplete disclosure  3     
No extractive ventilation 6     
Total  76   15 
IWI = 76/15 = 5.07 
 
The ratio is 5.07, which is a significantly greater  than 1 and indicates that the penalties are more 
significant than the control measures, and that the current arrangements are inadequate for the 
type of chemicals and conditions in the workshop workspace.  If extractive ventilation was 
present, the ratio would be reduced to 0.68 (76/111), and would indicate that the workspace 
could accommodate products with suspected CMR ingredients.  Nevertheless, if confirmed CMR 
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chemicals were used in this area, the value would increase to above one, as they wouldn’t have 
been used in closed systems.  
 
9.2.1.3.2  Flotation Plant  
 
 i) Typical High Risk Chemicals in Workspaces 
Some of the hazardous flotation reagents used in large quantities on a daily basis, lead them 
being classified as high risk with the need for better understanding of the interactions.  Four out 
of 21 flotation chemicals have been classified as high risk in this study with the need for 
immediate action and 6 are classified as high with the need for proactive management.  
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The typical high risk chemicals used in this workspace (figure 65) and their hazard and exposure 
details are given in table 71. The chemicals chosen were typical combinations of flotation 
reagents. 
Table 71 High risk chemicals used in flotation plant  
Risk Level  
Chemical 
Applicati
on 
Total 
Score 
Main Hazard details 
Exposure 
details 
High - 
Immediate 
action 
Sodium 
Isobutyl 
Xanthate 
(SIBX) 
Collector 5472  
Toxic to aquatic life; 
contact with acid 
releases toxic gas; 
Decomposes in 
presence of moisture 
to form toxic carbon 
disulphide (suspected 
reproductive toxin) 
and  products of 
dixanthogens and 
trithiocarbonate, 
alcohol. 
 
<500,000 – 
1000kg p.a. 
Frequent use 
High -
Proactively 
manage 
MIBC (4-
methyl-2-
pentanol) 
Frother 3256 Flammable liquid and 
vapour 
<1000 - 
100Kg p.a. 
Frequent use 
High -
Proactively 
manage 
Sodium 
Hydroxide 
pH 
modifier 
3096 Corrosive <1000 - 
100Kg p.a. 
Frequent use 
 
Health  
The flotation part of the schematic shows the mixture of chemicals in the flotation tank. These are 
typically collectors, frothers, activators, depressants and pH modifiers. Many different types of 
such chemicals were found across different operations, but the example used here shows methyl 
isobutyl carbinol (frother), sodium hydroxide (pH modifier), sodium isobutyl xanthate (collector) 
and the mineral ore.  Several of undisclosed ingredients in the flotation reagents are also present.  
Xanathes can react with moisture to form xanthic acid, that can then decompose into alcohol and 
toxic carbon disulphide as shown in the following equation:  
 
 
Adapted from (Bulatovic, 2007) 
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If 1 tonne (1000kg) of xanthate is used as the collector in the tank, assuming an equal mole ratio 
decomposition,  the quantity of carbon disulphide gas produced would be: 
Mass of CS2 = moles x molecular mass  
= 5 x 76 = 380g 
Assuming a flotation tank of 200m3, concentration = 380/200 = 1.9g/ m3 (1900mg/ m3)  
Concentration in ppm = molecular volume under conditions of Normal Temperature and Pressure 
x molecular mass of gas 
= 24.465 x 76 = 611 ppm of carbon disulphide 
The TWA value for carbon disulphide and hydrogen sulphide is 5 ppm. Carbon disulphide can 
damage organs through repeated exposure and it is a suspected reprotoxin, while hydrogen 
sulphide can be fatal if inhaled.  Workers are not present in the flotation plant area on 8-hour 
shifts however so that the likelihood of overexposure under standard conditions is unlikely. The 
froth flotation plants are also equipped with good ventilation and regular washing of the plant 
areas is used to prevent the build up of gases. Some operations are also equipped with 
hydrogen sulphide detectors to short term prevent overexposure. The short term exposure limit 
(STEL) is 10ppm   (Health and Safety Executive, 2011).  
Although not viewed on site during the plant visit, sodium hydrosulphide (NaHS) and sodium 
sulphide (Na2S)  were also present  and used in the flotation process. These compounds can 
react with acid as well as moisture to release hydrogen sulphide (H2S). 
 
Safety 
The carbon disulphide and hydrogen sulphide gases that can be produced in flotation cells are 
highly flammable and they are denser than air  (Sigma-Aldrich, 2012b, Sigma-Aldrich, 2012a). 
Hence they can accumulate in low areas to form explosive mixtures. The risk is higher for 
sheltered areas than circuits open to the air.  
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Environment 
The xanthates and dithiophosphate-based collectors used in the operations investigated have 
been classified as toxic to aquatic life with long-term adverse effects and they are not readily 
degradable. During storage and use, the chemicals were not in close proximity to waters and/or 
soils, through which they could infiltrate and so they pose a low risk of causing harm to the 
environment during typical activities. However the residual flotation reagents and their 
degradation products are disposed of in the Tailings Dam as shown in the schematic.  If the dam 
is not lined or if there were structural damage to the lining, the reagents could potentially infiltrate 
beneath the dam. As some of the reagents are persistent they can have long-lasting effects, and 
the concentrations of degradation products would also increase over time.  The dam is also 
accessible to birds and other wild animals, which can therefore come into contact with the 
flotation reagents.  
The schematic also shows that residual flotation reagents may be present on the final metal 
concentrates after they are desorbed from the metal ions. The desorption process in the case of 
copper-molybdenum circuits may involve the use of sodium sulphide or sodium hydrosulphide, 
but this example shows the use of potassium sulphite and potassium bisulphite to cleave the 
metals ions from the xanthate collectors to form potassium thiosulphate, the alcohol, carbon 
dioxide gas and the free metal. Hence there is a possibility of residual reagents being present 
with the final concentrates if complete desorption is not achieved. Although these products are 
not hazardous, they suggest that the final concentrates also provides a route of exposure to 
unidentified chemicals.  
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ii. Industry Workspace Index 
The IWI ratio calculated for the flotation plant  is as follows:  
Table 72 Calculation of IWI for flotation plant 
Flotation Plant 
Penalties Points Credits Points 
Contact with water/acid liberates 
toxic gas 
6 Natural ventilation  4 
Other health hazards  3 All PPE worn  6 
Typical daily quantities > 1 tonne 5 Training programme in place for safe use 
of chemical in question   
6 
More than 3 multicomponent 
chemicals  
5 MSDS in storage and usage area 3 
Low VP 1 Reminders to wash hands before eating 
and smoking 
2 
Concentration of daily use quantity 
greater than TWA 
8     
Unstated relative quantities 4     
Incomplete disclosure  3     
Total  35   21 
IWI = 35/21 = 1.67 
 
The ratio is 1.67, which indicates that the penalties are still more significant than the control 
measures.  
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9.2.1.3.3 Cathode Plant Tankhouse 
 
 i) Typical High Risk Chemicals in Workspaces 
The typical chemicals used in the cathode plant and their hazardous properties are given in 
figure 48 and tableTable 73. 
 
Figure 48 Schematic of solvent extraction settling pond in tankhouse for first stage of 
electrowinning process 
Table 73 Typical chemicals used in solvent extraction process 
Risk Level 
(Score) 
Trade Name Ingredients Hydrophile
/Lipophile 
Undisclosed 
information 
Hazard 
Medium – 
Actively 
manage 
Escaid 110 
Hydrocarbons, C11-
C14, n-alkanes, 
isoalkanes, cyclics, < 
2% aromatics (100%) 
Lipophile Unspecific chemical identity 
May be fatal if swallowed and 
enters airways; Repeated exposure 
may cause skin dryness or 
cracking; Material can release 
vapours that readily form 
flammable mixtures. 
High - 
Immediate 
action 
Acorga - 
PT5050 MD 
- Solvent 
Extraction 
Reagent 
Alkyl alcohol (30-60%); 
5-Nonyl-2-hydroxy-
benzaldoxime (30-
60%) (174333-80-3); 
Petroleum distillate 
hydrotreated light (2-
4%) (64742-47-8) 
Lipophiles Unspecific 
chemical identity 
Harmful if swallowed; Causes skin 
irritation; Very toxic to aquatic life 
with long lasting effects; Contains 
possible endocrine disruptor 
High -
Proactively 
Copper 
Sulphate Copper sulphate Hydrophile NA 
Harmful if swallowed; Causes skin 
irritation; Causes serious eye 
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manage solution  
(copper ions 
in organic 
phase) 
irritation; Very toxic to aquatic life 
with long lasting effects 
High -
Proactively 
manage 
Sulphuric 
acid Sulphuric acid Hydrophile NA 
Toxic if inhaled; Causes severe 
skin burns and eye damage; 
Harmful to aquatic life; May be 
corrosive to metals 
 
Table 73 gives the details of the typical chemicals found in the solvent extraction process and 
indicates that this mixtures contains both hydrophiles and lipophiles with hazardous properties to 
both human health and the environment as well as undisclosed information.   
Since the solvent extraction process involves the 5-Nonyl-2-hydroxy-benzaldoxime chelating to 
the copper ions to bring them into the organic phase, this is an ideal example of organic 
compounds (lipophiles) bound to metals (hydrophiles) with the potential to enhance absorption 
through the skin or by inhalation or ingestion. The theoretical ambient concentration of the 
mixture of the organic phase mixture is calculated by defining the following parameters: 
Quantity of Escaid 110 = 1350m2 (from site observation) = 130 tonnes 
Quantity of Acorga - PT5050 MD = 150m2 = 14 tonnes 
Assume 1:1 mole ratio between 5-Nonyl-2-hydroxy-benzaldoxime and copper ions as follows: 
 
The details of the calculations for the organic phase mixture concentration is given in Table 74. 
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Table 74 Details of calculation for theoretical ambient concentration of organic phase mixture 
Trade Name Ingredients 
Vapour 
pressure 
(mm Hg at 
25⁰C) 
Partial 
pressure 
(mm Hg) 
Mass 
(grams) 
Mole 
fraction 
Moles 
Molecular 
Weight 
Escaid 110 
Hydrocarbons, C11-
C14, n-alkanes, 
isoalkanes, cyclics, < 
2% aromatics (100%) 
0.75 0.682084 1.31x108 0.909446 733989 178 
Acorga - PT5050 MD - 
Solvent Extraction 
Reagent 
Alkyl alcohol (30-
60%) 0.00003 1.38x10
-6 8460000 0.045975 37105 228 
 
5-Nonyl-2-hydroxy-
benzaldoxime (30-
60%) (174333-80-3) 
0 0 7896000 0.0372 30023 263 
 
Petroleum distillate 
hydrotreated light (2-
4%) (64742-47-8) 
7.5 0.027441 564000 0.003659 2953 191 
Copper ions (from 
copper sulphate 
solution) 
Copper ions 0 0 
1921472 
(out of 
7496443g of 
CuSO4.5H2O 
0.003721 3003 64 
TOTAL  
 0.709526   807073  
Theoretical ambient concentration of organic phase mixture (ppm) = (1x106 x 0.709526)/760 = 934 ppm 
 
Table 74 shows that the majority of the ingredients within the organic phase had a low vapour 
pressure and therefore a low risk of inhalation. However the reagents are used in large quantities 
within an open pool and lead to an ambient concentration of 934 ppm. Although this 
concentration is lower than the concentrations of chemicals found in the other workspaces that 
have been explored, the value is still almost 6 times higher than the TWA exposure limit for the 
Escaid 110 hydrocarbons (TWA exposure limit = 165ppm) (Exxon Mobil, 2011) which has the 
highest contribution to the mixture’s concentration. Although the ability of the copper ions to be 
absorbed by the body is enhanced by being in the organic phase, the partial pressure is 
negligible and therefore the most viable route of  exposure to this lipophile/hydrophile mixture is 
through dermal contact. The composition of the chemicals within the liquid mixture  also contains 
sulphuric acid (in the aqueous phase) and therefore dermal contact with the liquid exposes 
workers to the greatest range of hazards.  For the vapour phase, the composition of chemicals is 
dominated by the Escaid 110 hydrocarbons and  therefore has a lower range and severity of 
hazards than the liquid phase. Nevertheless, for the mixture, hazards would have to be 
characterised for both the vapour phase and the liquid phase mixture in order to fully understand 
the risks they pose to workers.  
The duration of time spent by workers in the tankhouse is low, and appropriate inhalation and 
dermal  protection  are worn during the handling of these chemicals. These exposure controls 
are considered in the calculation of the IWI.  
ii) Industry Workspace Index 
The IWI ratio calculated for the cathode plant tankhouse is as follows:  
222 
 
Table 75  Calculation of IWI for cathode plant tankhouse  
Cathode Plant Tankhouse 
Penalties Points Credits Points 
Other health hazards  3 Natural ventilation  4 
Typical daily quantities > 1 tonne 5 All PPE worn  6 
Low VP 1 Training programme in place for safe 
use of chemical in question   
6 
Concentration of daily use quantity 
greater than TWA 
8 MSDS in storage and usage area 3 
Unspecific chemical identities 4     
Total  21   19 
IWI = 21/19 = 1.1 
 
The ratio is 1.1, which indicates that although the value is over 1, the exposure controls are 
almost balanced for the type of hazards that are present. It is however imperative to maintain 
adequate ventilation to prevent the build of the flammable organic vapours within the tankhouse 
that could pose a fire risk.  
 
9.2.1.3.4 Metallurgical Laboratory  
 
i) Typical High Risk Chemicals in Workspaces 
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The typical high risk chemicals and their properties shown in figure 66 are given in table 76. 
Table 76 Typical high risk chemicals in a metallurgical laboratory  
Risk Level 
(Score) 
Chemical Volatility Theoreti
cal 
ambient 
concentr
ation 
(ppm) 
Hydrophile/Li
pophile 
Undisclosed 
information 
Hazard 
High - 
Immediate 
action (5472) 
SIBX Non volatile  Hydrophile Non applicable Toxic to aquatic 
life;  
bioaccumulative; 
Contact with acid 
generates carbon 
disulphide 
High - 
Immediate 
action (5256) 
Senkol 65 Non volatile  Mixture of 
components 
Unspecific 
chemical 
identity 
Very toxic to 
aquatic life; 
Corrosive 
High -
Proactively 
manage 
(4500) 
Methanol 96mm Hg 126,315 Hydrophile Non applicable Toxic if 
swallowed/inhale
d/contact with 
skin; damage to 
organs, highly 
flammable 
High -
Proactively 
manage 
(4440) 
Phenolpht
halein 
Non volatile  Lipophile Non applicable CMR 
High -
Proactively 
manage 
(3139) 
Aero 9887 
Promoter 
Non volatile  Mixture of 
components 
Unspecific 
chemical 
identity 
Very toxic to 
aquatic life 
High -
Proactively 
manage 
(3066) 
Senkol 3 Non volatile  Mixture of 
components 
Unspecific 
chemical 
identity 
Very toxic to 
aquatic life; 
Corrosive 
High -
Proactively 
manage 
(3066) 
Senkol 8 Non volatile  Mixture of 
components 
Unspecific 
chemical 
identity 
Very toxic to 
aquatic life; 
Corrosive 
High -
Proactively 
manage 
(3066) 
Senkol  9 Non volatile  Mixture of 
components 
Unspecific 
chemical 
identity 
Very toxic to 
aquatic life; 
Corrosive 
High -
Proactively 
manage 
(3096) 
Flomin C-
4440 
3mm Hg 2,990 Hydrophile 
and lipophile 
Non applicable Toxic to aquatic 
life;  Contact with 
acid generates 
carbon 
disulphide 
High -
Proactively 
manage 
(3010) 
Aero 3730 
Promotor 
116mm Hg 153,280 Mixture of 
Hydrophiles 
Unspecific 
chemical 
identity; 
Incomplete 
disclosure 
Corrosive; 
Contact with 
acids liberates 
toxic gas 
Medium – 
Actively 
manage 
(1600) 
Sulphuric 
Acid 
Non volatile  Hydrophile Non applicable Corrosive 
 
The atmosphere in a metallurgical laboratory consists of mixtures of hydrophiles and lipophiles 
and unlike analytical laboratories, metallurgical laboratories have several multi-component 
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chemicals. Flotation reagents are tested in the laboratories so workers are exposed to several 
undisclosed ingredients, some of which are trade secrets. Because only small samples of 
chemicals were used, several containers were hand labelled and in the majority of cases, the 
hazards were not communicated on the bottles. This lack of information poses a risk of harm. 
Generally, there are significantly fewer chemicals with volatile properties than in the mechanical 
workshops. The theoretical ambient concentrations were calculated for two flotation reagents and 
methanol.  Undisclosed ingredients lead to the Aero 3730 Promotor having a high estimated 
vapour pressure and concentration.  The atmosphere is therefore not high in chemicals as the 
workshops although inhalation is still a probable route of exposure. This is of particular concern 
because the majority of metallurgical laboratories were not equipped with fumehoods. 
Nevertheless, respirator masks were provided when handling pungent flotation agents.  
All of the chemicals used in the metallurgical laboratories had a dermal route of exposure.  
However gloves and lab-coats were mandatory. This was particularly important since many of 
the flotation reagents and the acid were corrosive.  As in the case of the flotation reagents in the 
plants, the sample can also decompose to form carbon disulphide or react with acid to form 
hydrogen sulphide. The test quantities of millilitres mean that the build of these toxic and 
explosive gases are unlikely.  
The examples used illustrate that several of the flotation reagents are highly toxic to aquatic life. 
The unused flotation chemicals are returned to the pilot plant and test samples are diluted and 
disposed of down the sink. These daily disposals are on a small scale compared to the residual 
reagents that are disposed of in possibly unlined tailings dams, and are therefore unlikely to pose 
a risk of harm to aquatic life through municipal systems.  
On the whole, the risk posed to human health by exposure to chemicals and chemical mixtures in 
metallurgical laboratories is relatively low because of the small quantities used. This is also true 
for fire risk and the environment. Nevertheless, observations of exposure controls suggested that 
fumehoods or local exhaust ventilations are needed. Although the quantities are small, there is 
daily exposure to toxic chemicals that are changed on a regular basis when new samples are to 
be tested. Table 76 revealed that although the flotation chemicals have the same applications, 
their hazard classifications, component compositions and type of undisclosed information vary.  
Therefore there could be chronic exposure to an environment of constantly changing toxic 
chemicals without adequate protection for undisclosed substances. The use of fumehoods would 
significantly reduce exposure, and the risk of harm could be further diminished by hazard 
warnings on all hand labelled containers.  
ii) Industry Workspace Index 
The IWI ratio calculated for the metallurgical laboratory is as follows:  
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Table 77 Calculation of IWI for a metallurgical laboratory 
Metallurgical Laboratory 
Penalties Point
s 
Credits Point
s 
Toxic by inhalation/contact 8 Concentration of daily use quantity less 
than TWA 
10 
Contact with water/acid liberates 
toxic gas 
6 Natural ventilation  4 
Other health hazards  3 All PPE worn  6 
Typical daily quantities <500g 1 MSDS in storage and usage area 3 
More than 3 multicomponent 
chemicals  
5     
More than 3 single component 
chemicals  
2     
More than 3 hydrophiles and 3 
lipophiles 
5     
More than 3 with medium VP 3     
Low VP 1     
Trade secret 5     
Unspecific chemical identities 4     
Incomplete disclosure  3     
No extractive ventilation 6     
Total  60   23 
IWI = 60/23 = 2.6 
 
The ratio is 2.6, which indicates that the exposure controls are inadequate for the hazards and 
activities present. Although the safety risks were not explored in the same detail as potential 
impacts on human health, the safety-focused index is shown using the flotation plant and 
metallurgical laboratory as examples: 
 
Table 78 Safety-based IWI calculations 
Workspace 
Flotation Plant Metallurgical Laboratory 
Penalties Points Credits Points Penalties Points Credits Points 
Highly 
flammable 25 Natural ventilation 4 
Contact with 
water liberates 
flammable gas 
25 Typical daily quantities <500g 10 
Contact with 
water liberates 
flammable gas 
25 All PPE worn 4 
More than 3 
with Medium 
VP 
3 Natural ventilation 4 
Typical daily 
quantities > 1 
tonne 
20 
Other safety measures 
in place to prevent build 
up of flammable gases 
10 Low VP 1 All PPE worn 4 
Low vapour 
pressure 1 
Protection from 
environmental 
weathering (eg. 
enclosed, sheltered) 
8 More than 2 with VD>1 5 
Other safety 
measures in place to 
prevent build up of 
flammable gases 
10 
More than 2 with 
vapour 5 
Fire prevention signs 
(eg. no smoking, no 4 
Open System 
(vapours 5 
MSDS in storage 
and usage area 2 
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density>1 mobile phones etc). exposed) 
Open System 
(vapours 
exposed) 
5 Gas detectors 3 No extractive ventilation 6   
  
Training programme in 
place for safe use of 
chemical in question 
6 
Hazard 
labelling not on 
all containers 
5   
  
MSDS in storage and 
usage area 2 
Hand labelled 
containers 3   
Total 81  41  53  30 
IWI 1.97 1.77 
 
The results show that although the metallurgical laboratory uses the same chemicals as the 
flotation plant, it poses a slightly less safety risk, which reflects mainly the small quantities of 
chemicals tested. Unlike the human health assessment, the safety based index does not have a 
biased criteria arrangement. However, both indices are >1, which indicates that the safety 
controls are insufficient to have or to introduce new similarly highly flammable and reactive 
chemicals.  
 
Summary  
The summary of results for all 4 workspaces explored are given in table 79. The workspaces 
outlined by broken lines were predicted without a full analysis (details given in Appendix H).  
Table 79   IWI results for workspaces 
  Workspace 
  Mechanical Workshop 
Flotation 
Plant 
Cathode 
Plant 
Metallurgical 
Laboratory  
Analytical 
Laboratory  Cleaning 
Total 
penalties 76 35 21 60 143 36 
Total 
credits 15 21 19 23 52 19 
IWI 5.07 1.67 1.1 2.6 2.75 1.7 
 
The results show that of the four workspaces explored the mechanical workshops pose the 
highest risk to human health. This is followed by the analytical laboratory. Although fumehoods 
are present, confirmed CMR reagents are used in these areas, and therefore closed/partially 
closed situations are recommended to reduce the index ratio. Although none of the workspaces 
are below 1, the cathode plant is close to 1, as a result of the low number of chemicals used in 
copper leaching and the hazards did not pose a significant risk under the conditions in which the 
chemicals were used.  
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The chemical risk ranking stage indicated that laboratories are the highest risk areas because of 
the number of high risk chemicals they contain. However, the workspace analysis indicates that 
mechanical workshops pose the highest risk because of the large number of chemicals with 
CMR properties and inadequate exposure controls. Although the index was biased for protection 
from CMRs, it still reflects the reality of the situation. It was assumed that the strict protocol in 
analytical laboratories meant that the risk of exposure offset the hazards. The presence of 
chemicals classified as known carcinogens not being used in closed systems however, gave a 
ratio indicating that controls were insufficient.  The cathode and flotation plants were ranked the 
lowest out of the areas investigated because the effects on human health were shown to be least 
severe and the controls were adequate.  
A safety based index was also devised, which focused on physical hazards. The flotation plant 
and the metallurgical laboratory were compared as they contain similar chemicals but on different 
scales. The IWI ratio was lower for the laboratory indicating that the risk of fires and explosions 
were lower. This difference reflects the much smaller quantities of chemicals used in the 
laboratory.  
 
9.2.3  Chemical Management Results 
The chemical management measures consider the hazards and exposures and exposure 
controls encountered when assessing the individual chemicals and defining and analysing the 
workspaces. The management decisions are driven by essentiality of chemicals to the mining 
operations, the availability of substitutes and the viabilities of the exposure reduction methods.  
These applications are shown in figure 55: 
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Figure 55. Proposed decision making process for chemical management 
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The decision making flow diagram in figure 55  applies to the existing chemicals and workspaces 
as well as to  potential new chemicals. The results of the chemical risk ranking and the 
workspace risk ranking, in the risk characterisation stage are considered separately. The 
rankings of workspaces depend primarily on the number of high risk chemicals and is used as a 
guide for creating conceptual models of the workspaces and analysing them. The value of the 
index of the workspaces can then be used to direct the management.  
The criterion for further assessment of the high risk chemicals is in the case that the individual 
chemicals are essential to the mining activities. If so, they are evaluated in terms of the relevant 
conceptual workspace of the typical chemicals used. A similar approach is defined for new 
chemicals being introduced into the workspaces if the new chemicals have severe hazards and 
are considered essential to the activities.  
The value of the index indicates if the exposure controls are adequate (<1), borderline (1) or 
insufficient (>1) for the typical hazards in a workspace. This highlights the issues that need to be 
addressed directly in an area that uses chemicals. For the existing high risk chemicals, if they are 
considered essential to the activity, they would have already been accounted for in the typical 
use and storage of the chemicals and therefore the index value would be a sufficient indicator of 
the workspace’s ability to accommodate the hazards in question. This process would also apply 
to a potential new chemical being introduced in a certain area.  
The significance of the tool to chemical management measures is discussed in terms of: 
 The number of individual high risk chemicals 
 The workspaces where the chemicals are used 
 The introduction of potential new chemicals into existing workspaces 
 
The individual high risk chemicals 
The three highest risk chemicals are evaluated using the flow diagram (figure 55).  
Potassium dichromate is the highest risk chemical and is required for gravimetric determination 
of iron and is therefore essential. The predicted IWI for the analytical laboratory was found to be 
2.75. This value is well over 1 and indicates that the controls are insufficient for the typical 
hazards present, including those from potassium dichromate. As with other hexavalent chromium 
compounds, potassium dichromate is a known human carcinogen (International Agency for 
Research on Cancer, 1997) and is also highly toxic, as well as being a mutagen and a reprotoxin. 
The NIOSH recommended airborne exposure limit, over a time-weighted average of 10 hours is 
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0.001 mg/m3, which should not be exceeded at any time (National Institute for Occupational 
Safety and Health, 2005), and so  total or partial enclosure of the substance is necessary. As the 
analytical laboratories were not found to have additional engineering controls other than fume-
hoods, the exposure to known CMRs has not been controlled and thus stricter controls or 
outsourcing are the options shown  on the flow diagram.  
The second and third highest risk chemicals are the flotation reagents: Aero MX-3753 Promoter 
and  Aero-3752 Promotor respectively. The high risk reflects the large volumes in which they are 
used, their daily use as well as their multiple hazards, including their potential to release toxic 
and flammable gases on contact with acids. The flotation plant had a IWI value of 1.67 for human 
health and 1.97 in terms of safety. These values are greater than 1 and therefore better exposure 
controls are needed. Many flotation reagents have these properties and therefore substitutions 
for less flammable substances are currently unlikely. Hence maintaining the use of gas detectors, 
keeping the area cool to prevent sparks and vigilant monitoring are the current management 
options.  
 
The workspaces of typical chemicals  
The IWI is a direct indication of the differences between hazards and their exposure controls in a 
workspace. The chemical management measures for chemicals in the mechanical workshop and 
the metallurgical laboratory are discussed below. 
 
Mechanical Maintenance workshop 
The value of the index was 5.07, the highest value of any of the areas evaluated, and reflects 
mainly the use of chemicals with CMR ingredients and the lack of local exhaust ventilation. The 
following measures are recommended: 
- Try to identify substitutes for products containing chemicals with CMR properties 
- Local exhaust ventilation is important if any products containing CMR chemicals cannot 
be replaced with safer ones.  If this is not economically viable for all workshops, then one 
workshop equipped with appropriate ventilation should be designated for the use of all 
chlorinated products.  
- Improved ventilation would also reduce the exposure to mixtures of chemicals present in 
the ambient atmosphere. The concentration should be below that of the chemical with the 
most stringent exposure limit value. 
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- Dermal and ocular exposure is also likely, but these protocols are already enforced in the 
workshops. 
- Strict protocols should be in place to ensure lids are always replaced on containers to 
reduce ambient exposure. 
- Chemical spills in workshops and storage areas should be cleared instantly to reduce 
ambient exposure.  
- Workers should be educated especially on the risks posed by chlorinated products and 
solvents and learn that different products with the same applications cannot be regarded 
as the same with respect to health hazards.  
- Workers should also be educated about the risks posed by mixtures especially if 
products contain hydrophiles and lipophiles  to ensure they are aware that adverse  
health effects can occur at lower levels than the individual defined exposure limits.  
 
Metallurgical laboratory 
The IWI for this workspace was 2.6 for human health and predicted to be 1.77 for safety. Again 
both values are greater than 1, driven by the lack of fume-hoods for health and the presence of 
flammable chemicals. The analysis showed that there will always be a chronic exposure to an 
environment of constantly changing toxic chemicals without adequate protection to unidentified 
substances. The use of fume-hoods would significantly reduce this type of exposure, and the risk 
of harm could be further diminished by hazard warnings on the hand labelled containers and 
throughout the workspace. 
 
Potential new chemicals in existing workspaces 
 If a new chemical  ‘X’ that had a suspected carcinogenic ingredient were being considered as a 
degreaser for use in the workshop, it would not reach the stage of workspace evaluation, 
because the flow diagram indicates that it would be screened out as a non-essential chemical 
with a recommendation to research for substitutes. Similarly, an MSDS that was not aligned with 
GHS classifications, would cause the chemical to be rejected. This procedure also screens out 
new chemicals with insufficient disclosure of information and therefore reduces the exposure to 
potentially harmful unidentifiable compounds. 
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9.3 Discussion 
This section  i) evaluates if the overall aim of developing a chemical risk framework to fulfil the 
needs of the mining industry has been met; and ii) discusses the different stages of the risk 
framework and highlights their advantageous features and their limitations.  
9.31 Evaluation of chemical risk framework  
A range of chemical screening procedures were reviewed in chapter 4 to identify the most 
appropriate features for a chemical risk assessment procedure for the mining industry. Such a 
system would need to accommodate the wide range of volumes of chemicals, exposure 
scenarios, the different uses, the presence of  unknown mixtures, the range of disposal routes 
and disparities in chemical “housekeeping”. The types of approaches reviewed were: algorithms 
designed to incorporate the properties of single component substances; chemical ranking 
systems that focussed on regulatory actions and large chemical inventories; and indices that 
evaluated the conditions in which chemicals were used. The procedures were compared in terms 
of the following categories: i) the selection of hazardous property categories; ii) the method of 
scoring hazardous properties of the chemicals;  iii) the assessment of data quality; iv) the 
identification of data gaps; and v) the reduction in the number of chemicals that need to be 
screened. No single available method fulfilled all the requirements of the mining industry, and a 
method that combines the most appropriate features was therefore developed.  
The features of the new chemical risk procedure for the mining industry  are evaluated against i) 
the basic requirements of the chemical ranking system by Davis, Swanson & Jones, 1994 to 
assess its integrity and  ii) the initial chemical concerns of the mining industry. 
Table 80  The basic requirements of chemical ranking system 
Chemical ranking system criteria Mine chemical risk procedure features 
It ranks or scores a list of 
chemicals 
Scores were assigned to the hazards and exposure details 
of the database of chemicals found across the mining 
operations, which allowed the chemicals to be ranked 
according to hazards properties, exposures and overall risk 
when the scores were combined. 
It results in a relative ranking or 
scoring, although it does not 
provide quantitative measure(s) of 
risk 
The system ranks the chemicals relative to each other to 
identity the ones to be prioritised, but can also be 
compared on an absolute scale, by considering a 
theoretical worst-case chemical. 
It includes measures of either 
toxicity alone or toxicity and 
exposure; or 
Measures of toxicity and exposure are considered 
separately and are combined to determine the overall risk. 
It is a subsystem of another 
ranking method, it ranks sites or 
issues based on an initial 
chemical-specific evaluation. 
The Industry Workspace Index (IWI) allows the 
workspaces to be ranked, based on an evaluation of a 
mixture of chemical hazards, physicochemical properties of 
chemicals and exposure scenarios.  
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Hence the new mine chemical risk procedure for the mining industry has features that qualify it 
as a chemical ranking system. It can also be evaluated against the mining industry chemical 
procedure requirements (table 81): 
 Table 81  Features of new chemical risk procedure that fulfil mining industry requirements 
Mining industry chemical procedure 
requirements 
Features of new chemical risk procedure 
Accommodates single and multi-
component chemicals, undisclosed 
unknown mixtures, degradation products  
All ingredients in products cross- checked against 
regulatory priority lists. 
Cautionary approach – CMR ingredients in multi-
component product assigned score as if entire 
product has CMR properties.    
Extent of undisclosed information was analysed and 
categories incorporated into workspace analysis. 
Mixtures of chemicals were analysed in workspace.  
Accommodates range of volumes used Quantity category has highest weighting in exposure 
assessment and used as guide in chemical 
management decisions.  
 
Accommodates variable exposure 
scenarios 
Analysis per workspace covers scenarios for the 
same chemicals used in different areas. 
Addresses disparities in chemical 
housekeeping  
Assessing workspaces in terms of typical chemical 
clusters, exposure control requirements per 
workspace and gives uniform chemical management 
options across similar areas.  
 
Averts  production uncertainty by 
preparing the industry for compliance 
relevant chemical regulations. 
 
The hazard identification stage cross-checks 
ingredients with worldwide regulatory lists – the 
criteria-based assessment sub-section highlights 
such chemicals. 
 
Economically suitable  Uses available information in form of MSDSs.  
Cautionary approach of workspace analysis, which 
evaluates high risk chemicals in atmosphere of 
typical ones meaning that stringent management is 
recommended without additional empirical testing.  
 
Provide a standard framework to 
efficiently and consistently address and 
incorporate the company's own 
hazardous material standards. 
Improves standard  by 
Applying assessment to all chemicals brought on site 
– not only flotation and laboratory ones. 
Incorporates assessment of undisclosed information 
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 and addresses mixtures.  
Provides guide to evaluating MSDSs in terms 
safeguarding against the risk of undisclosed 
information.   
Workspace analysis allows tailored management per 
area, guided by IWI and prevents unfavourable 
situations from arising in the future.  
 
 
Evaluation of the new chemical risk procedure developed for the mining industry shows that it 
meets the requirements originally agreed for the industry. The mine-orientated workspace based 
procedure provides a systematic and transparent, method of assessment of chemicals and the 
individual stages have value as self-contained assessments. An examination of the stages 
shows the advantages, as well as the value of the procedure in terms of its versatility. It is also 
shown to be suitable for use in other sectors of industry.  
9.32 Advantages and limitations of the stages of chemical risk framework 
The value and limitations of the stages of the mining industry chemical risk framework is as 
follows:  
Hazard Identification 
The choice of the GHS/CLP hazard classes as hazard assessment categories meant the ready 
availability of good data is consistent with current chemical legislation and that it is also 
internationally comparable, which is important for multinational companies. Additional categories 
that accounted for important missing information such as LD/LC50 values were also incorporated. 
Inadequacies and inaccuracies in the MSDSs were overcome by cross-checking individual 
chemical components with regulatory priority lists and databases on carcinogens.  
Assigning scores to the GHS/CLP categories introduced an element of subjectivity, but provided 
a consistent and reproducible approach to the assessment. A scoring procedure also allowed 
certain hazard classes to carry higher weightings to reflect the needs of the industry. In this case, 
categories for CMR chemicals and with highly toxic properties were weighted ten times more 
than other categories.  The scoring system was validated using a criteria-based approach in 
parallel with the scoring procedure that ensured that CMR, fatal, explosive, environmentally 
dangerous, undisclosed ingredients and chemicals on regulatory priority lists were highlighted for 
focused chemical management.  
As well as ranking chemicals according to their hazardous properties, valuable outputs from the 
hazards for each chemical mining operation as well as in different workspaces were derived. This 
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gave an insight into the operations with the most hazardous chemicals and the most dangerous 
workspaces, to inform chemical management.  This stage of assessment also highlighted the 
extent of the undisclosed information in the MSDSs and the hindrances this poses to protecting 
workers in industry adequately.   
The main limitations in this stage are the subjectivities associated with scoring and weighting 
approaches. Weightings cannot be transferred to other situations and are specific for this mine 
orientated procedure and scores are not directly proportional to the level of hazard and therefore 
the real values reflecting the severity of the hazards are lost. However, the GHS hazard 
statements apply to a range of hazard values and severities and therefore this approach does 
not diminish the reliability of the method.  
 
Exposure Assessment 
Although all the chemicals were assessed by the same generic exposure categories with a 
limited set of subcategories, they were based on the site observations and therefore the options 
were tailored for the mine environments. The scores were assigned within the limits of the mining 
activities thereby creating an overarching mine scenario. This demonstrates how a generic 
system can be modified to assess the exposures relative to the industry in question. 
The results of the exposure assessment identified the workspaces of greatest concern if the 
chemicals were released in an uncontrolled manner, based on their volumes, use patterns and 
containment.  
The limitation with this exposure assessment stage is the subjectivity of the score allocations 
based on the judgement of the likelihood of exposure occurring. The mine specific exposure 
subcategories can also be regarded as a limitation if this risk framework was to be applied to 
other industries besides mining because although the concept is transferrable, the subcategories 
are not.   
Risk Characterisation – chemical risk ranking 
The chemical risk ranking stage combined the hazard and exposure ranking in a transparent and 
logical way. The integrity of the criteria by which the levels of hazard and exposure scores were 
assigned was preserved when the scores were combined to determine the overall risk, and 
indicated the risk reduction options available. The transparency was reflected by the use of the 
risk matrix combinations and natural groupings in the score distributions, as guides for 
determining the levels of risk and action. The boundaries between the different levels of risk were 
based on a cautionary approach. This ensured that only chemicals lacking hazard classifications 
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with low use patterns were deemed as an acceptable risk and that the most severe hazards were 
in a high risk category for further assessment.  
These results indicated the risk of the chemicals and the appropriate actions to be taken. The 
levels of the hazard and exposure scores indicated which of the two factors needs to be 
addressed to reduce the risk. Hence the management options were clear and adequate. This 
sub-stage also provided a tiered approach to the assessment, highlighting the highest risk 
chemicals and workspaces to be subjected to a more detailed and informed evaluation.   
 
Risk Characterisation –workspace risk analysis 
This dynamic stage of the risk characterisation provides a valuable approach to both current 
practices in industry and planned future activities. Assigning an index ratio to workspaces based 
on both its typical and high risk chemicals and the conditions in which they are used informs 
management of the adequacy of the exposure controls. This appeals both to the existing 
situation and ensures that adequate protection is available for the introduction of new chemicals.  
The index for particular workspaces provides a systematic procedure for reproducibility.  
The workspace analysis in terms of introducing the typical high risk chemicals into the conceptual 
models brought together the hazards, exposure routes, exposure controls, physicochemical 
properties and the presence of mixtures and undisclosed information from typical chemicals used 
in order to understand the daily exposure scenarios faced by workers. The process of building 
the conceptual models for the workspaces also highlighted the uncertainties of determining 
vapour pressures and ambient concentrations for formulations that contain undisclosed 
ingredients. The worst cases were assumed, which lead to an overestimation of the severity of 
their properties and therefore unnecessarily stringent exposure controls. The workspace analysis 
is an example of a clustering technique, where one broad scenario is used to cover a range of 
other scenarios, similar to the SceBra- Scenario-Based Risk Assessment method that was 
reviewed in Chapter 4 (Scheringer et al., 2002).  
The IWI component of the procedure illustrates the scientifically justified attribute of the system, 
as workspace conceptual models are based on hazards, exposure details, undisclosed 
information and physicochemical properties of the chemicals, which reinforces the decisions of 
chemical management. The workspace index allowed the adequacy of the exposure control 
measures to be evaluated and in order to focus on the chemical management. It can also be 
used as a decision making tool when introducing new chemicals.  The value of the workspace 
index will indicate if the current control measures are sufficient to accommodate the chemical. 
This index is similar the Process Route Healthiness Index (PRHI) developed to quantify potential 
health hazards from chemical processes (Hassim and Edwards, 2006), due to chemical releases 
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in the processes used by chemical manufacturers. This index is used at the development stage 
of the chemical processes, but the IWI has the potential for current assessments as well as for 
prevention of harm in the future. 
The difference in ranking between using the individual chemicals and assessing them collectively 
in a workspace indicates that both approaches are necessary. The chemical and workspace 
ranking focuses on the areas that require greater attention due to the number of individual 
chemicals. The workspace analysis then considers both the hazards with regards to the relevant 
exposure and safety controls and gives a more accurate indication of risk. The use of the index 
has the added value of being able to focus the management on entire workspaces instead of 
individual chemicals only. The typical chemicals are considered and not simply the presence of 
the high risk ones, so any investments in more stringent exposure controls can be justified. This 
stage therefore complements the initial risk ranking where individual chemicals are highlighted 
and those non essential to the mining activities can be substituted.  
A limitation of the risk characterisation stage is that the index does not focus on health, safety 
and environment in one value, but evaluates these categories separately and therefore is not a 
direct comparison with the risk level rankings that considers the overall risk. 
 
Chemical Management 
This chemical risk procedure developed was based on a cautionary approach to chemical 
management because the worst case scenario was used in the case of uncertainties in the 
information available. This was established in terms of: scoring preparations containing CMR 
ingredients, as if the entire mixture had this classification; assuming the most severe 
physiochemical properties for undisclosed ingredients when constructing conceptual models; 
defining risk action levels so that only combinations of low hazards and low exposures were 
characterised as acceptable levels of risk; setting CMR-biased parameters for the health stage of 
the IWI so that conditions are not deemed to be safe if exposure controls are not satisfactory for 
these hazards. 
These cautionary parameters were translated into  decision making recommendations where 
known CMR chemicals were regarded as having genotoxic and non genotoxic properties and 
therefore acceptable risk limits could not be established (Neumann, 2009). Hence any exposure 
would be significant so that only full or partial enclosures of these chemicals in use were deemed 
acceptable. Likewise, the recommendations for suspected CMRs were to use local exhaust 
ventilation, regardless of whether the exposure limits could be accommodated with natural 
ventilation. This ‘no-threshold’ approach also ensured that the possible increases in toxic ity from 
an atmosphere of chemical mixtures in a single workspace were accounted for.   
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The management decisions are driven by the chemical essentiality to the mining operations, the 
availability of substitutes and the economic viabilities of the exposure reduction methods. The 
system had a wide scope and also recommended measures for the introduction of new 
chemicals into workspaces in the future, with cautionary approaches to undisclosed information.  
Severely hazardous chemicals that are substitutable is a criterion to screen out possible new 
products. 
This chemical risk procedure developed is a dynamic system capable of modification for a 
constantly changing industry.  After chemicals currently in use are assessed and managed, the 
procedure can be used for new chemicals to assess exposure and workspace conditions and 
ensure severely hazardous chemicals are not introduced into unfavourable situations. This 
procedure developed manages the present and protects the future.  
The limitation of this framework is that it focused on the factors affecting occupational health, and 
a lesser extent on the risks to the environment. This was because the mining operations were 
located in remote areas in self-contained compounds. However, the workspace conceptual 
models and analysis can be extended to highlight the environmental exposure pathways and the 
associated risks.  
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CHAPTER 10: CONCLUSIONS AND FURTHER RESEARCH  
10.1 Conclusion 
A review of existing chemical screening systems was undertaken in order to develop a tailored 
approach for the mining industry. Findings demonstrated  that the method developed must 
combine several aspects of the available procedures if the needs of the mining industry are to 
be met. It must accommodate single and multi-component chemicals, undisclosed information, 
the wide range of volumes used, variable exposure scenarios and disparities in chemical 
management. The ﬁnal system developed, requires a systematic approach to identify which 
chemicals and ingredients in product formulations are on priority lists, or are likely to be so in 
the future, as a result of their hazardous or physicochemical properties. Moreover, the system 
developed must screen situations in which the chemicals are used, in order to determine the 
most high risk scenarios, so that appropriate measures to prevent and reduce accidents can 
be taken. 
The next step was the development of the hazard identification procedure, where, hazard 
assessment categories are to be selected, in order for scores to be assigned to them according 
to their severity of harm. The information about the chemicals should be obtained from a readily 
available source, convenient for use in industry – such as the MSDSs.  A criteria based 
assessment should be  designed to complement the numerical scoring system by highlighting the 
most severe hazards and reflect the interest of the industry. The procedure was applied to mining 
operation case studies and the most ubiquitous chemical hazards and the locations of the most 
severe hazards were identified.  Nine percent (76 out of 850) chemicals had ingredients that 
could be classified as known or suspected carcinogens, mutagens and/or reproductive toxins. 
Four percent (31 out of 850) contained ingredients that were on regulatory lists to be prioritised 
for action. Laboratories had the highest number of chemicals with CMR properties (38% of 76 
CMR chemicals) followed by mechanical maintenance workshops (25% of 76 CMR chemicals). 
The laboratories also accounted for the highest number of chemicals with severe hazardous 
properties (CMR and/or fatal/and or very toxic to aquatic life). 
The following step was the development of the exposure assessment. Observations of the 
onsite lifecycles of the chemicals were used to define and tailor the exposure categories and 
subcategories for the environs of the industry, and to define the workspaces in terms of the 
exposure controls and chemical management measures for further analysis when combined with 
the hazards.  
Scores have to be assigned to these subcategories in terms of the likelihood of exposure 
occurring. The application of the assessment indicated the use patterns, storage practices, 
exposure and safety measures and routes of disposal of each chemical, which highlighted 
the pathway of possible harm to humans and the environment. The method was successful in 
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differentiating chemicals in terms of their levels of exposure and identified flotation reagents 
and motor oils as featuring in the chemicals with the highest scored exposures.  
A significant number of chemicals (20%) contained undisclosed information (as discovered in the 
hazard identification section) in the form of incomplete disclosures; (33%) unspecific chemical 
identities (39%) unstated quantities of ingredients (6%) and trade secret ingredients (22%). The 
potential impact of uncertain, inaccurate and undisclosed information on determining the overall 
risks of the chemicals was then evaluated. Sixty-three percent (122 chemicals) of the material 
safety data sheets did not contain an acute toxicity endpoint (LD50) and/or an acute aquatic 
toxicity endpoint (LC50). Motor oils followed by mechanical maintenance and cleaning products 
were found to have the largest quantity of undisclosed information across the operations. 
Undisclosed information can undermine occupational health protection, compromise the safety of 
workers in industry, hinder risk assessment procedures and causes uncertainty about future 
health. This work could therefore provide a guide to other industries to evaluate the significance 
of undisclosed information on chemicals used in their operations. 
Integrating the hazard and exposure assessments a proposed framework emerged that aimed to 
define numerical ranking of individual chemicals and workspaces. These results were used to 
prioritise the chemicals to focus the management of limited resources and to identify the 
workspaces that require further evaluation. Conceptual models of the workspaces were created 
and the Industry Workspace Index used to indicate the adequacy of the exposure controls for 
mixtures of typical chemicals. The application of this procedure indicated that 24% of the 850 
chemicals were classified as being of high risk. Twenty percent (174) of the chemicals were high 
risk with a need for proactive management and 3% (27) of the chemicals were classified as high 
risk with the need for immediate action as they all had severe hazards and were used in large 
quantities frequently. These have to be managed on a urgent time scale by removing the hazard 
or imposing strict safety or exposure controls to reduce the likelihood of severe acute or chronic 
consequences to human health and/or the environment or disastrous safety-related incidents. 
Only 39 (5%) chemicals were placed in a category of acceptable risk in which the hazards and 
exposure were sufficiently low to be at risk of causing harm. The chemical that poses the highest 
risk in the mining operations is potassium dichromate used in multiple laboratories, as a result of 
its severe hazards and its frequent usage.  The second and third most high risk chemicals are 
flotation reagents due to their multiple hazards and their frequent usage in high quantities. All of 
the workspaces investigated had a index ratio value above 1, which meant that none of these 
workspaces had sufficient safety and/or exposure controls to accommodate the hazards of the 
typical chemicals used. The Industry Workspace Index provided a focused understanding of the 
risks posed by the interactions of a mixtures of chemicals within given conditions and is therefore 
complimentary and essential to chemical risk characterisation in the mining industry. 
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The chemical risk framework proposed, aims to be a dynamic system capable of modification for 
a constantly changing industry. Its benefits come with identifying the most hazardous substances 
and facilitating informed chemical management decisions.  In the process critical factors are:  the 
chemical essentiality to the mining operations, the availability of substitutes and the economic 
viabilities of the exposure reduction methods. It manages the chemicals in current use, but is 
also a wide scoping system to include measures in place for future chemicals introduced into 
workspaces, ensuring that severely hazardous chemicals are introduced safely.  
10.2 Further Research 
 
Applicability to other industries  
The proposed chemical risk framework can be applied to other mining companies as well as 
other industries that use similar types of chemicals and use patterns to those explored in the 
mining industry as the concepts of the stages of the framework are transferrable. This includes 
the construction industry, motor vehicle repair and the cleaning industry, as well as any 
manufacturing industry that relies on cleaning and maintenance activities. The hazard 
identification stage is generic and therefore suitable for implementation into any industry, 
however the exposure assessment stage would require tailoring the exposure subcategories for 
the sites in question. Similarly the development of the conceptual models of the workspaces 
would require understanding the typical exposures and exposure controls for the industry.  
 
Implementation of chemical regulations 
This industry-orientated chemical risk procedure relies on the use of readily available information, 
but as chapter 7 has illustrated, there are many inaccuracies and undisclosed information in 
MSDSs. However, with the REACH regulation driving the requirements for safer products on the 
market and better quality, scientifically-justified data available to downstream users, the use of  
such information in the hazard identification stage  will become more reliable and increase the 
robustness of the system. Furthermore, the increasing global implementation of GHS will mean 
that only GHS compliant MSDSs with a compliant level of ingredient disclosure will be acceptable.  
 
Mixtures 
The probable interaction of mixtures within a workspace was highlighted qualitatively in this study, 
to show that they may be a cause for concern. Further research should involve a detailed and 
quantitative focus on understanding the acute and chronic effects of the chemical combinations, 
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and a measurement and analysis of the combined concentrations (National Institute for 
Occupational Safety and Health, 2004) (Occupational Safety and Health Administrator (OSHA), 
2005). A detailed evaluation of mixtures should form another level  to the  chemical risk 
framework.  
 
Environmental Monitoring  
Most of the mining operations were located in remote areas in self-contained compounds with 
the main route of disposal for chemicals being the tailings dams. However for older  dams  with a 
possibility for infiltration to ground water,  testing for the presence of the persistent xanthate 
residues and decomposition products in groundwater may be of importance  when considering 
chemical waste management,  Chromatography  techniques can  be used to identify the organic 
sulphides present in the water (US Environmental Protection Agency, 1995). 
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APPENDIX A  
Example of 16-point Material Safety Data Sheet (MSDS)  
(Sigma-Aldrich, 2013). 
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APPENDIX B  
 
Table B1: GHS Hazard Class: Serious Eye Damage/Eye Irritation 
GHS Hazard Class: Serious Eye Damage/Eye Irritation– Serious eye damage: production of tissue 
damage in the eye or serious physical decay of vision, following the application of a test substance to 
the anterior surface of the eye which is not fully reversible within 21 days of application; Eye irritation: 
production of changes in the eye following the application of a test substance to the anterior surface 
of the eye, which are fully reversible within 21 days of application. 
Health Hazard Statement Health Hazard Category and Criteria Score 
Causes serious eye 
damage 
Cat 1. Irreversible damage after 21 days exposure 
10 
Causes serious eye 
irritation 
Cat 2A. Reversible damage in 21 days exposure 
8 
Causes eye irritation Cat 2A. Reversible damage in 7 day exposure 5 
CLP   
Toxic by eye contact Eye irritation test has resulted in systemic toxicity or mortality 
among the animals tested. 
8 
NA _ 0 
 
Table B2: GHS Hazard Class: Respiratory or Skin Sensitisation 
GHS Hazard Class: Respiratory or Skin Sensitisation – skin sensitizer: a substance that will lead 
to hypersensitivity of the airways following inhalation of the substance; skin sensitizer: a substance 
that will lead to an allergic response following skin contact. 
Health Hazard Statement Health Hazard Category and Criteria Score 
May cause allergy or 
asthma symptoms or 
breathing difficulties if 
inhaled 
Cat 1.If there is evidence in humans that the substance can 
lead to specific respiratory hypersensitivity and or/ if there are 
postiive results from an appropriate animal test 
10 
May cause an allergic skin 
reaction 
Cat 1. If there is evidence in humans that the substance can 
lead to sensitization by skin contact in a substantial number of 
persons or if there are positive results from an appropriate 
animal test. 
5 
CLP   
Corrosive to the respiratory 
tract 
Mechanism of toxicity is corrosivity. 
10 
Not Applicable _ 0 
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Table B3: GHS Hazard Class: Germ Cell Mutagenicity 
GHS Hazard Class: Germ Cell Mutagenicity– may cause mutations in the germ cells of humans 
that can be transmitted to the progeny 
Health Hazard 
Statement 
Health Hazard Category and Criteria Score 
May cause genetic 
defects 
(Cat 1 A and Cat 1B: Substances known to induce heritable 
mutations or to be regarded as if they induce heritable mutations in 
the germ cells of humans) 
10 
Suspected of 
causing genetic 
defects 
(Cat 2: Substances which cause concern for humans owing to the 
possibility that they may induce heritable mutations in the germ cells 
of humans) 
5 
Not applicable  _ 0 
 
Table B4: GHS Hazard Class: Carcinogenicity 
GHS Hazard Class: Carcinogenicity –  Carcinogen:  a substance or a mixture which induces cancer 
or increases its incidence. Substances and mixtures which have induced benign and malignant 
tumours in well performed experimental studies on animals are considered also to be presumed or 
suspected human carcinogens unless there is strong evidence that the mechanism of tumour 
formation is not relevant for humans.  
Health Hazard 
Statement 
Health Hazard Category and Criteria Score 
May cause cancer (Cat 1A. Known to have carcinogenic potentials for humans; Cat 
1B. Presumed to have carcinogenic potential to humans) 
10 
Suspected of causing 
cancer   
(Cat 2. Suspected human carcinogen) 
5 
Not Applicable _ 0 
 
Table B6: GHS Hazard Class: Reproductive toxicity 
GHS Hazard Class: Reproductive toxicity –  includes adverse effects on sexual function and fertility in adult 
males and females as well as developmental toxicity in the offspring. 
Health Hazard Statement Health Hazard Category and Criteria Score 
May damage fertility or the unborn 
child 
(Cat 1A. Known human reproductive toxicant; Cat 1B. Presumed 
human reproductive toxicant) 
10 
Suspected of damaging fertility or 
the unborn child 
child (Cat 2. Suspected human reproductive toxicant) 
5 
May cause harm to breast-fed 
children 
_ 
4 
Not Applicable  _ 0 
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Table B7: GHS Hazard Class: Specific Target Organ  Toxicity-Single Exposure 
GHS Hazard Class: Specific Target Organ  Toxicity-Single Exposure  
Health Hazard Statement Health Hazard Category and Criteria Score 
Causes damage to 
organs 
Cat. 1: Substances that have produced significant toxicity in 
humans, or that on the basis of evidence from studies in 
experimental animals can be presumed to have the potential to 
produce significant toxicity in humans following single exposure 
10 
May cause damage to 
organs 
Cat . 2: Substances that on the basis of evidence from studies in 
experimental animals can be presumed to have the potential to 
be harmful to human health following single exposure 
8 
May cause respiratory 
irritation 
Cat . 3: Respiratory irritant effects that impair function. 
5 
May cause drownsiness 
or dizziness 
Cat . 3: Central nervous system depression including narcotic 
effects in humans. 
4 
Not Applicable  0 
GHS Hazard Class: Specific Target Organ  Toxicity-Repeated Exposure 
Health Hazard Statement Health Hazard Category and Criteria Score 
Causes damage to 
organs through 
prolonged or repeated 
exposure 
Cat. 1: Substances that have produced significant toxicity in 
humans, or that on the basis of evidence from studies in 
experimental animals can be presumed to have the potential to 
produce significant toxicity in humans following single exposure 
10 
May cause damage to 
organs through 
prolonged or repeated 
exposure 
Cat . 2: Substances that on the basis of evidence from studies in 
experimental animals can be presumed to have the potential to 
be harmful to human health following repeated exposure 
5 
Not Applicable  0 
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Table B8: Aspiration Hazard 
GHS Hazard Class: Aspiration Hazard  
Health Hazard Statement Health Hazard Category and Criteria Score 
May be fatal if swallowed and 
enters airways 
(Cat 1. Based on human evidence or if hydrocarbon with 
kinematic viscosity ≤20.5 mm2/s at 40⁰C)  
10 
May be harmful if swallowed 
and enters airways 
(Cat 2. Based on animal studies. hydrocarbon with 
kinematic viscosity ≤14 mm2/s at 40⁰C) 
5 
Not Applicable _ 0 
 
Table B9: GHS Hazard Class: Acute Aquatic Toxicity 
GHS Hazard Class: Acute Aquatic Toxicity – the intrinsic property of a substance to be injurious to 
an organism in a short-term aquatic exposure that that substance. 
Environmental  Hazard 
Statement 
Environmental  Hazard Category and Criteria Score 
Very toxic to aquatic life (Cat 1.  ≤ 1mg/l  (96 hr LC50 (fish); 48 hr EC50 (crustacea); 
72 or 96 hr ErC50 (algae/aquatic plants)) 
10 
Toxic to aquatic life   (Cat 2.  >1 but ≤10 mg/l (96 hr LC50 (fish); 48 hr EC50 
(crustacea); 72 or 96 hr ErC50 (algae/aquatic plants)) 
8 
Harmful to aquatic life (Cat 3.  >10 but ≤100 mg/l (96 hr LC50 (fish); 48 hr EC50 
(crustacea); 72 or 96 hr ErC50 (algae/aquatic plants)) 
5 
Unknown acute toxicity LC50 not assigned or inferred 4 
Not Applicable  _  0 
GHS Hazard Class: Chronic Aquatic Toxicity – the intrinsic property of a substance to cause 
adverse effects to aquatic organisms during aquatic exposures whish are determined in relation to the 
life cycle of the organism.    
Environmental  Hazard 
Statement 
Environmental  Hazard Category and Criteria Score 
Very toxic to aquatic life with 
long lasting effects 
(Cat 1. NOEC or Ecx ≤0.1mg/l (non-rapidly degradable 
substances); NOEC or ECx ≤0.01mg/l (rapidly degradable 
substances) 
10  
Toxic to aquatic life with long 
lasting effects 
(Cat 2.  0.1 < NOEC or Ecx ≤ 1mg/l (non-rapidly degradable 
substances); 0.01 <NOEC or ECx ≤0.1mg/l (rapidly 
degradable substances) 
8 
Harmful to aquatic life with 
long lasting effects 
(Cat 3. 0.1 <NOEC or ECx ≤1mg/l (rapidly degradable 
substances) 
5 
May cause long lasting 
harmful effects to aquatic life   
(Cat 4. L(E)C50 > 100mg/l and lack of degradability and/or 
BCF≥500 or, if absent log Kow ≥4, unless NOEC> 1mg/l)) 
4 
Not Applicable _ 0 
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Table B10: GHS Hazard Class: Degradation 
GHS Hazard Class: Degradation – the decomposition of organic molecules to smaller 
molecules and eventually carbon dioxide, water and salts. 
Environmental  Hazard Category and Criteria Score 
Readily degradable in 28-day test for ready biodegrdation (70% DOC) in 10 days  2 
Ultimately degraded in surface water simulation with half-life <16 days (>70% in 28 days)
  
2 
Primarily degraded (biotically or abiotically) in aquatic environment with half-life <16 days 
AND degradation products do not fulfill criteria for classification as hazardous to aquatic 
environment   
 
2 
Ultimately degraded in aquatic sediment or soil  simulation with half-life < 16 days  2 
BOC/COD ratio ≥ 0.5 2 
Qualitative  2 
Not rapidly degradable  
Half-life > 60 days in marine water or > 40 days in freshwater or >180 days in marine 
sediment or > 120 days in freshwater sediment (EU criteria) 
10 
Not inherently degradable in biodegradability test   
 
10 
QSAR BIOWIN probability < 0.5  10 
Based on indirect evidence from structurally similar substance 10 
No data available 10 
Not Applicable 0 
 
Table B11: GHS Hazard Class: Explosive 
GHS Hazard Class: Explosive 
Physical Hazard Statement Physical  Hazard Category and Criteria Score 
Unstable Explosive Thermally unstable and/or too  sensitive for normal handling, transport 
and use. 
10 
Explosive; mass explosive 
hazard  
Div 1.1: Substances, mixtures and articles which have a mass explosion 
hazard (one that affects almost the entire quantity present virtually 
instantaneously) 
10 
Explosive; severe 
projection hazard  
Div 1.2:Substances, mixtures and articles which have a projection hazard 
but not a mass explosion hazard 
8 
Explosive; fire, blast or 
minor projection hazard  
Div 1.3: Substances, mixtures and articles which have a fire hazard and 
either a minor blast hazard or a minor projection hazard or both, but not a 
mass explosion hazard. 
8 
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Explosive; fire or friction 
hazard  
Div. 1.4: Substances, mixtures and articles which present only a small 
hazard in the event of ignition or initiation. 
8 
May mass explode in fire  Div. 1.5: Very insensitive substances which have a mass explosion 
hazard. 
5 
CLP   
Explosive when dry  Wetted with water or alcohols or diluted with other substances to 
suppress their explosive properties. 
10 
Explosive with or without 
contact with air 
Unstable at ambient temperatures. 
8 
Risk of explosion if heated 
under confinement 
May display explosive properties in practice if heated under sufficient 
confinement. 
8 
Not Applicable  _ 0 
 
Table B12: GHS Hazard Class: Flammable 
GHS Hazard Class: Flammable –  
Physical Hazard 
Statement 
Physical  Hazard Category and Criteria Score 
Extremely flammable 
gas 
Cat 1. Ignitable when in a mixture of 13% or less by volume air ; or have a 
flammable range with air of at least 12 percentage points regardless of the 
lower flammable limit. 
10 
Flammable gas Cat 2. Have a flammable range while mixed with air. 5 
Extremely flammable 
aerosol 
Cat 1. ≥85% flammable components and heat of combustion ≥30kJ/g) 
10 
Flammable aerosol  Cat 2. heat of combustion ≤20 kJ/g 5 
 Extremely flammable 
liquid and vapour 
 
Cat 1.flash point <23 ⁰C and initial boiling point ≤ 35⁰C 
10 
Highly flammable liquid 
and vapour  
Cat 2.flash point <23 ⁰C and initial boiling point >35⁰C  
8 
 Flammable liquid and 
vapour  
 
Cat 3.flash point <23 ⁰C and≤ 60⁰C 
5 
Combustible liquid
  
 
Cat 4.flash point >60 ⁰C and ≤ 93⁰C 
3 
Flammable solid (cat 1 
and cat 2)  
 
Wetted zone does not stop fire; and burning  time <45s or burning rate>2.2 
mm/s 5 
Not Applicable  _ 0 
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Table B13: GHS Hazard Class: Self-Reactive Substances 
GHS Hazard Class: Self-Reactive Substances 
Physical Hazard 
Statement 
Physical  Hazard Category and Criteria Score 
Heating may cause an 
explosion  
Type A: detonate or deflagrate rapidly 
10 
Heating may cause a 
fire or explosion 
Type B: possessing explosive properties but neither detonates 
or deflagrates rapidly; liable to undergo thermal explosion. 
8 
Heating may cause a 
fire 
Type C-F 
5 
Not Applicable  _ 0 
 
GHS Hazard Class: Organic Peroxides 
Physical Hazard 
Statement 
Physical  Hazard Category and Criteria Score 
Heating may cause an 
explosion 
Type A: detonate or deflagrate rapidly 
10 
Heating may cause a 
fire or explosion 
Type B: possessing explosive properties but neither detonates 
or deflagrates rapidly; liable to undergo thermal explosion. 
8 
Heating may cause a 
fire   
Type C-F 
5 
CLP   
May form explosive 
peroxides 
May form explosive peroxides during storage 
10 
Not Applicable _ 0 
 
Table B14: GHS Hazard Class:  Pyrophoric Liquid/Solid 
GHS Hazard Class:  Pyrophoric Liquid/Solid 
Physical Hazard 
Statement 
Physical  Hazard Category and Criteria Score 
Catches fire 
spontaneously if 
exposed to air 
Cat 1. Ignites within 5 minutes when added to an inert carrier 
and exposed to air, or it ignites or chars a filter paper on 
contact with air within 5 minutes. 
10 
Not Applicable  _ 0 
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Table B15: GHS Hazard Class:  Self-Heating Substances 
GHS Hazard Class:  Self-Heating Substances 
Physical Hazard Statement Physical  Hazard Category and Criteria Score 
Self-heating; may catch fire Cat 1:Positive result using a  25mm  sample 
cube at 140⁰C 
10 
Self-heating in large quantities; may 
catch fire 
Cat 2: Positive result using a  100mm  sample 
cube at 140⁰C  
5 
Not Applicable  _ 0 
 
 
Table B16: GHS Hazard Class:  Substances which, in contact with water emit flammable gases 
GHS Hazard Class:  Substances which, in contact with water emit flammable gases 
 
Physical Hazard Statement Physical  Hazard Category and Criteria Score 
In contact with water releases 
flammable gases which may ignite 
spontaneously 
Cat 1.rate of evolution of flammable gas is 
≥10l/kg over 1 min. 
 
10 
In contact with water releases 
flammable gas 
(Cat 2 +3.  rate of evolution of flammable gas 
is ≥20 l/kg/hr.) 
5 
CLP   
In use may form flammable/explosive 
vapour-air mixture 
Not classified as flammable themselves but 
may form flammable/explosive vapour-air 
mixtures. 
10 
Reacts violently with water  10 
Contact with water liberates toxic gas Evolve gases classified for acute toxicity in 
cat 1, 2 or 3  in potentially dangerous 
amounts. 
10 
Contact with acids liberates toxic gas Evolve gases classified for acute toxicity in 
cat 3  in dangerous amounts. 
10 
Not Applicable _ 0 
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Table B18: GHS Hazard Class:  Oxidising   
GHS Hazard Class:  Oxidising   
Physical Hazard Statement Physical  Hazard Category and Criteria Score 
Gases   
May cause or intensify fire Cat 1. 1:1 mixture by mass of substance and cellulose 
tested, spontaneously ignites. 
10 
Liquids   
May intensify fire; oxidiser Cat 2 + 3 5 
Solids   
May cause fire or explosion; 
strong oxidiser 
Cat 1 
10 
May intensify fire; oxidiser Cat 2 + 3 5 
Not Applicable  _ 0 
 
Table B19: GHS Hazard Class:  Gases Under Pressure 
GHS Hazard Class:  Gases Under Pressure 
Physical Hazard Statement Score 
Contains gas under pressure; May explode if heated (compressed gas, liquified gas, 
dissolved gas)  
10 
Contains refrigerated gas; may cause cryogenic burns or injury (refrigerated liquified 
gas ) 
5 
Not Applicable  0 
 
Table B20:  GHS Hazard Class:  Corrosive to Metals 
GHS Hazard Class:  Corrosive to Metals 
Physical Hazard 
Statement 
Physical  Hazard Category and Criteria Score 
May be corrosive 
to metals 
Cat 1: Corrosion rate on either steel or aluminium surfaces 
exceeding 6.25mm per year at a test temperature of 55⁰C when 
tested on both materials. 
 
Not Applicable  _ 0 
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APPENDIX C  
Results of Hazard Identification  
Table C1: Example of Human Health Hazard Classifications (as entered). The 
complete results can be found in Appendix C in attached spreadsheet. 
CAS
Manufact
urer 
Undisclose
d 
Chemical 
Substance
?
Applicati
on 
List of 
ingredie
nts 
Compon
ents on 
list of 
concern
Acute 
Toxicity 
(Oral)
Acute 
Toxicity 
(Dermal)
Acute 
Toxicity 
(Inhalati
on)
Skin 
Corrosio
n/Irritatio
n
Serious 
Eye 
Damage/
Eye 
Irritation
Respirat
ory or 
Skin 
Sensitisa
tion 
Germ 
Cell 
Mutageni
city
Carcinog
enicity
Reprodu
ctive 
Toxicolo
gy
Specific 
Target 
Organ  
Toxicity-
Single 
Exposure
Specific 
Target 
Organ 
Toxicity-
Repeate
d 
Exposure
Apiration 
Hazard
Acute 
Aquatic 
Toxicity 
Chronic 
Aquatic 
Toxicity 
(Adequat
e data 
available
)
Degradat
ion 
Bioaccu
mulation 
Hazardo
us to the 
ozone 
layer
Explosiv
es
Flamma
ble
Self-
Reactive 
Substanc
es
Organic 
Peroxide
s
Pyrophor
ic 
Liquids/S
olids
Self-
Heating 
Substanc
es
Substanc
es 
which, in 
contact 
with 
water 
emit 
flammab
le gases
Oxidisin
g
Gases 
Under 
Pressure 
Corrosiv
e to 
Metals 
WORST-CASE (b) No (a) Fatal if swallowed (Cat 1. LD50 ≤5 mg/kg) and (Cat 2. >5  LD50  ≤50 mg/kg)(a) Fatal in contact with skin (Cat 1. LD50 ≤50 mg/kg) and (Cat 2. >50  LD50  ≤200 mg/kg)(b) Toxic if inhaled (Cat 3. Gases >500 C ≤2500 ppm; Vapour >2  LC50 ≤10 mg/l; Dust and mists > 0.5 LC50 ≤1 mg/l)(a) Causes severe skin burns and eye dama e (Cat 1A: Exposure ≤3 min, Ob ervation ≤ 1h; Cat 1B: Exposure > 3 min ≤ 1h; Observation ≤ 14 days;  Cat 1C: Exposure >1 h ≤ 4h, Exposure ≤  14 days(a) Cau  serious eye am ge (Cat 1. Irreversible damage after 21 days exposure)(a) May cause allergy or asthma symptoms or breathing ifficult es if inh led (Cat 1)(a) M y c use genetic defects (C t 1 A and Cat 1B)(a) M y caus  canc r (Cat 1A. Known t  have carcinogenic potentials for humans; Cat 1B. Presumed to have carcinogenic potential to humans)(a) M y damage fertility or the unbor  chil A. Known human reproductive toxicant; Cat 1B. Presumed human reproductive toxicant)(a) Causes d mag to rg ns ( at 1)(a) C s  damag  to organ thr ugh prolo g d r repeated exposure ( t 1)(a) M y be fatal if swallowed and e ters i ways (Cat 1. B sed on human evid nce or if ydrocarbon with kinematic viscosity ≤20.5 mm2/s at 40
⁰
C( ) Very toxic to aq atic life (Ca  1  ≤ 1mg/l  (96m hr L 50 (fish); 48 hr EC50 (crust cea); 72 or 96 hr ErC50 (algae/aquatic plants))(a) Very toxic to aquatic life with long las i g effect  (Cat 1. NOEC r E x ≤0.1mg/l ( on-r pidly degradable substances ; NOEC or ECx ≤0.01mg/l (rapidly degradable substances); (l) NA (a) Experime tal CF≥ 500(a) H rms p bli  h alth d the environment by destroying ozon  in upper tmosph re (Cat 1. Substance listed in Annexes to Montreal Protocol or ingredient in mixture ≥ 0.1%)(a) U stabl Explosiv  (a) Ex remely fla m ble as (Cat 1)a) H ti g ay cause an expl ion (Type A)( ) H ati g may cau e n ex losi n (Type A)(a) Cat hes fire spontaneously if exposed to ir (a) S lf-he ti g; may c tch fire ( t 1)(a) I  contac with water releas s flammabl  gases which may ignite spontaneously (Cat 1.rate of evolution of flammable gas is ≥10l/kg over 1 min.)(a) May cause or int nsify fire (cat 1)(a) Contains gas und r p essur ; May expl d  if heated (compress d gas, liquified gas, dissolved gas)(a) May b corro ive to met ls (Cat 1)
0 0 100 100 100 10 10 10 100 100 100 50 50 10 50 50 0 10 50 100 10 50 50 100 10 50 10 10 10
Carbon Dioxide (b) No (e) Unknown toxicity(e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (e) NA (e) NA (l) NA (h) NA (b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
74-86-2 Extra puro (b) No Welding Acetylene (f) NA (e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (d) May cause drownsiness or dizziness (Cat 3)(c) NA (c) NA (e) NA (e) NA (l) NA (g) NA (b) NA (j) NA (b) Flammable gas (Cat 2)(d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 2 0 0 5 0 0 0 0 0 0 0 0
(b) No
Propane( 
70%) (74-
98-6); 
Butane 
(30%) 
(106-97-8) (f) NA (e) NA (c) Harmful if inhaled (Cat 4. Gases >2500 LC50 ≤5000 ppm; Vapour >10  LC50 ≤20 mg/l; Dust and mists > 1 LC50 ≤5 mg/l)(e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (e) NA (e) NA (l) NA (g) NA (b) NA (j) NA (b) Flammable gas (Cat 2)( ) Heating may cause a fire or explosion (Type B)(e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 5 40 0 0 0 0 0 0 0
7782 – 44 – 7Indura (b) No Lab analysis Oxygen (f) NA (e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (e) NA (e) NA (l) NA (g) NA (b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (a) Contains gas under pressure; May explode if heated (compressed gas, liquified gas, dissolved gas)(b) NA
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 10 0
Indura (b) No Lab analysis Nitrogen (f) NA (e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (e) NA (e) NA (l) NA (g) NA (b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (a) Contains gas under pressure; May explode if heated (compressed gas, liquified gas, dissolved gas)(b) NA
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 10 0
Indurmig-20 Indura (b) No Lab analysis Carbon dioxide (20%); Argon (80%)(f) NA (e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (e) NA (e) NA (l) NA (g) NA (b) NA (j) NA (j) NA (a) Heating may cause an explosion (Type A)(e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 50 0 0 0 0 0 0 0
Ultra Coolant - Air Compressor CoolantIng rsoll-Rand Company(a) Yes Air compressor coolant
Blend 
containing 
a 
polyoxyal
kylene 
glycol, a 
pentaeryt
hritol 
ester, and 
other 
compone
nts (f) NA (e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (b) Toxic to aquatic life  (Cat 2.  >1 but ≤10 mg/l (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(e) NA (d) Ul imately degraded in aquatic sediment or soil  simulation with half-life < 16 days(g) NA (b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
10 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 2 2 0 0 0 0 0 0 0 0 0 0 0
Chesterton 775 - Moisture Shield AW. Ch sterton(a) Yes Moisture shield
 
Petroleum 
distillates, 
hydrotreat
ed light 
(75-85%) 
64742-47-
8; 
hydrocarb
on waxes 
(1-5%) 
68603- 10-
1; Esters, 
Barium 
salt, 
Barium 
sulphate 
(1-5%); 
carbon 
dioxide (1-
5%) 124-
38-9; 
Petroleum 
distillates, 
hydrotreat
ed (5-
10%) 
67472-53-
6 (f) NA (e) NA (e) NA (d) Repeated exposure may cause skin dryness or cracking(e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (b) Toxic to aquatic life  (Cat 2.  >1 but ≤10 mg/l (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(b) Toxic to aqu tic life with long lasting effects (Cat 2.  0.1 < NOEC o  Ecx ≤ 1mg/l (non-rapidly degrad ble substance ); 0.01 <NOEC or ECx ≤0.1mg/l (rapidly degradable substances); (h) Not inh rently de r dable in biodegradability test (g) NA (b) NA (j) NA (g) Flammable liquid and vap ur (Cat 3.flash point <23 
⁰
C d≤ 60
⁰
C)(d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
10 0 0 0 0 5 0 0 0 0 0 0 0 0 40 40 10 2 0 0 5 0 0 0 0 0 0 0 0
Chesterton 715 - Gold Dorado (b) No (f) NA (e) NA (e) NA (b) Causes skin irritation (Cat 2)(e) NA (d) NA (c) NA (c) NA (d) NA (d) May cause drownsiness or dizziness (Cat 3)(c) NA (c) NA (a) Very toxic to aquatic life (Cat 1.  ≤ 1mg/l  (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(e) NA (l) NA (g) NA (b) NA (j) NA (g) Flammable liquid and vapour (Cat 3.flash point <23 
⁰
C and≤ 60
⁰
C)(d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 8 0 0 0 0 0 20 0 0 50 0 0 2 0 0 5 0 0 0 0 0 0 0 0
Chesterton - 730 - SpraygripAW. Chesterton(b) No Lubricant 
Heptane 
(5-10%) 
142-82-5; 
Solvent 
Naphtha 
(23-35%) 
64742-88-
7; 
Aliphatic 
isobutane 
(15-
25%)75-
28-5 (d) May be harmful if swallowed (Cat 5. >2000  LD50  ≤5000 mg/kg)(e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (b) Toxic to aquatic life  (Cat 2.  >1 but ≤10 mg/l (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(b) Toxic to aqu tic life with long lasting effects (Cat 2.  0.1 < NOEC o  Ecx ≤ 1mg/l (non-rapidly degrad ble substance ); 0.01 <NOEC or ECx ≤0.1mg/l (rapidly degradable substances); (f) Qualitative(c) Estimated (QSAR) Log Kow ≥(b) NA (j) NA (e) Extremely flammable liquid and vapour (C t 1.fl sh point <23 
⁰
C and initial b iling point ≤ 35
⁰
C)(d) NA ( ) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 40 0 0 0 0 0 0 0 0 0 0 0 40 40 2 10 0 0 10 0 0 0 0 0 0 0 0
Chesterton - 723 AW. Chesterton(b) No Penetrating OilSoddard Solvent (55%) (8052-41-3);  Carbon dioxide(5%) (124-38-9);  Petroleum (55%) (64742-53-6); Naphthenic (<1%) (64742-52-5)(f) NA (e) NA (e) NA d) Repeated exposu e may cause skin dryness or cracking(e) NA (d) NA (c) NA (c) NA (d) NA (d) May cause drownsiness or dizziness (Cat 3)(c) NA (c) NA (b) Toxic to aquatic life  (Cat 2.  >1 but ≤10 mg/l (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(b) Toxic to aqu tic life with long lasting effects (Cat 2.  0.1 < NOEC o  Ecx ≤ 1mg/l (non-rapidly degrad ble substance ); 0.01 <NOEC or ECx ≤0.1mg/l (rapidly degradable substances); (h) Not inh rently de r dable in biodegradability test (g) NA (b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 5 0 0 0 0 0 20 0 0 40 40 10 2 0 0 0 0 0 0 0 0 0 0 0
Magnaflux -Spotcheck- SKL-SP1- PenetrantMagnaflux (b) No
White 
mineral oil 
(petroleu
m) (60-
80%) 
(8042-47-
5 or
64742-47-
8); 
Diisonony
l 
Phthalate 
(5-25%) 
(68515-48-
0); 
Liquefied 
petroleum 
gasses
(propellan
t, aerosol 
only)* 
(30%) 
(68476-86-
8) Diisononyl Phthalate (5-25%) (68515-48-0) on SIN LIST http://echa.europa.eu/doc/reach/restrictions/dinp_echa_review_report_2010_6.pdf(e) Unknown toxicity(e) NA (e) NA (e) A (e) NA (d) NA (c) NA (c) NA (d) NA ( ) NA (c) NA (b) May be harmful if swallowed and enters airways (Cat 2. Based on animal studies. hydrocarbon with kinematic viscosity ≤14 mm2/s at 40
⁰
C)(d) Unknown cut  toxicity(e) NA (l) NA (g) NA (b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 10 30 0 0 0 0 0 0 0 0 0 0 5 20 0 0 2 0 0 0 0 0 0 0 0 0 0 0
Chesterton 421 AW. Chesterton(b) No Clear protective coating
Toluene 
(25-30%) 
(108-88-
3); Methyl 
Ethyl 
Ketone 
(15-25%) 
(78-93-3); 
Petroleum 
gas (15-
25%) 
(68476-86-
8); 
Acetone 
(15-25%) 
(67-64-1); 
2-
methoxy-
1-
methyleth
yl acetate 
(1-5) (108-
65-6) (f) NA (e) NA (e) NA (e) NA (b) Causes serious eye irritation (Cat 2A. Reversible damage in 21 days exposure)(d) NA (c) NA (c) N (b) Suspected of damaging f rtility or the unborn child (Cat 2. Suspected human reproductive toxicant)(d) May cause drownsiness or dizzi ess (Cat 3)(b) May caus damage to organs through prolonged or repeated exposure (Cat 2)(c) NA (e) NA (e) NA ( ) NA (g) NA (b) NA (j  NA (e) Extremely flammable liquid and vapour (Cat 1.flash point <23 
⁰
C and initial boiling point ≤ 35
⁰
C)(d) NA ( ) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 0 8 0 0 0 50 20 25 0 0 0 0 2 0 0 10 0 0 0 0 0 0 0 0
Chesterton 860 AW. Chesterton(b) No Gasking
Ethyl 
polysilicat
e (3%) 
(11099-06-
2); Zinc 
Oxide  
(15%) 
(1314-13-
2); 
Calcium 
Carbonate 
(30%) 
(471-34-1) (f) NA (e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (e) NA (c) NA (c) NA (b) Toxic to aquatic life  (Cat 2.  >1 but ≤10 mg/l (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(b) Toxic to aqu tic life with long lasting effects (Cat 2.  0.1 < NOEC o  Ecx ≤ 1mg/l (non-rapidly degrad ble substance ); 0.01 <NOEC or ECx ≤0.1mg/l (rapidly degradable substances); (h) Not inh rently de r dable in biodegradability test (f) Estimated (QSAR) og Kow < 4(b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 40 10 2 0 0 0 0 0 0 0 0 0 0 0
Chesterton - 279  PC AW. Chesterton(b) No Parts CleanerMethyl Nonofluoro ethers  (80%)(163702-07-6) (163702-08-7) ;  1,1,1,2-Tetrafluoroethane (40%) ?(811-97-2); Isopropanol (67-63-0)(f) NA (e) NA (e) NA (b) Causes skin irritati n (Cat 2)(c) Causes ey  irritation (Cat 2A. Reversible damage in 7 day exposure(d) NA (c) NA (c) NA (d) NA (c) May cause respiratory irritation (Cat 3)(c) NA (c) NA (b) Toxic to aquatic life  (Cat 2.  >1 but ≤10 mg/l (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(e) NA (h) Not inherently degradable in biodegradability test (g) NA (b) NA (j) NA (j) NA (d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 8 5 0 0 0 0 25 0 0 40 0 10 2 0 0 0 0 0 0 0 0 0 0 0
Wurth-Sabesto-Rost Off (b) No (f) NA (e) NA (e) NA (d) Repeated exposure may cause skin dryness or cracking(e) NA (d) NA (c) NA (c) NA (d) NA (d) May cause drownsiness or dizziness (Cat 3)(c) NA (c) NA (a) Very toxic to aquatic life (Cat 1.  ≤ 1mg/l  (96 hr LC50 (fish); 48 hr EC50 (crustacea); 72 or 96 hr ErC50 (algae/aquatic plants))(e) NA (l) NA (g) NA (b) NA (j) NA (e) xtremely flammable liquid and vapour (Cat 1.fl sh oi t <23 
⁰
C and initial boiling point ≤ 35
⁰
C)(d) NA ( ) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 5 0 0 0 0 0 20 0 0 50 0 0 2 0 0 10 0 0 0 0 0 0 0 0
Magnaflux - Spotcheck -SKC-S - Cleaner/Remover(b) No Cl aner/remover
Light 
aliphatic 
solvent 
naphtha 
(60-100%) 
(64742-89-
8
Or
64742-49-
0); 
Carbon 
dioxide 
propellant 
(Aerosol 
Only) (3-
7%) (124-
38-9) (f) NA (e) NA (e) NA (e) NA (e) NA (d) NA (c) NA (c) NA (d) NA (c) May cause respiratory irritation (Cat 3)(c) NA (b) May be harmful if swallowed and enters airways (Cat 2. Based on animal studies. hydrocarbon with kinematic viscosity ≤14 mm2/s at 40
⁰
C)(d) Unknown cut  toxicity(e) NA (l) NA (g) NA (b) NA (j) NA (g) Flammable liquid and vapour (Cat 3.flash point <23 
⁰
C and≤ 60
⁰
C)(d) NA (e) NA (b) NA (c) NA (g) NA (f) NA (c) NA (b) NA
0 0 0 0 0 0 0 0 0 0 0 25 0 5 20 0 0 2 0 0 5 0 0 0 0 0 0 0 0
Health Hazard GHS Classifications 
Environmental Hazard GHS 
Classifications
Safety Hazard GHS Classifications
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APPENDIX D 
Observations of chemical-life-cycles and chemical management 
Life cycle and Observations of chemical management of chemicals  used in the Copper Flotation 
Site workspaces 
Table D1: Laboratory and Mechanical Maintenance Workshop 
 
 
 
 
 
Laboratory chemicals 
Mechanical Maintenance Products 
 Motor oils Greases/lubricants/paints 
Route of entry 
Purchasing  
warehouse 
laboratory 
Purchasing  
warehouse (oil 
storage )  workshops 
Purchasing warehouse  
workshop 
Containment 
Mini-spill pallets on 
storage shelves; 
compatibility matrix 
for storage 
Bunded area; oils kept 
on pallets; storage area 
fitted with drains; 
rubber mats used for 
oil changing. 
Caged in warehouse; in 
cupboards in workshop 
Labelling 
MSDS given with 
chemical; Obsolete 
chemicals labelled. 
Storage area clearly 
labelled, including 
NFPA* hazard sign. 
Material Safety Data Sheets 
(MSDS) present in 
warehouse 
Security and 
control 
Chemical storage 
area padlocked. 
Padlocked storage 
Padlocked storage in 
warehouse 
Safety 
/Exposure 
Controls 
Explosion resistant 
lamps; fire 
extinguishers in 
laboratory and 
storage area. 
Explosion resistant 
lamps in warehouse; 
overalls in workshop 
Explosion resistant lamps in 
warehouse; 
No. of 
chemicals 
65 18 40 
Route of 
disposal 
Dilute down the sink 
to the Tailings Dam. 
Used oil stored in 
Salvage Yard until 
appropriate collection. 
Empty containers go to 
Salvage Yard. 
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Analytical Laboratory Chemical Management 
Used solvents are stored in bottles and are collected legally 
Solutions of chemicals are diluted and disposed of down the sink, which leads to the Tailings 
Dam. 
The most used chemicals are: concentrated sulphuric acid; hydrochloric acid; nitric acid; 
ammonia; sulphuric acid; perchloric acid. These are signposted on the chemical storage door. 
The acids are kept in polystyrene holders on the shelves. 
Chemicals that are not in current use are clearly labelled and they have a designated area on the 
shelf in the chemical storage area. 
 
Glass bottles used for chemicals were washed out and broken, to prevent them being used for 
other purposes, and then removed for recycling. 
 
Warehouse 
The warehouse is a storage area for spare equipment and accessories, as well as for laboratory 
chemicals, paints, oils and greases. 
A chemical compatibility chart which indicates the safest distance that chemicals can be stored 
together was situated outside the chemical storage warehouse. 
All individual storage areas contained explosion resistant lamps. 
The storage areas were built with drainage systems to contain possible leaks form the chemicals. 
Storage areas that housed laboratory chemicals contained safety showers. 
The Material Safety Data Sheets (MSDS) were stored with the chemicals in the storage area. 
All gas cylinders were chained to the wall in the storage area. 
The oil storage areas were designed with a slope at the entrance to prevent oil spills leaking out 
of the storage area. 
Signs that indicate that mobile phones must be switched off were placed clearly around the 
storage areas to reduce the risk of fires from sparks. 
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Table D2: Cleaning Agents 
 
 
Contractor Chemical Management 
Every cleaning product used by the contractors is manufactured by Johnson Diversey, a 
multinational company, and the quality of the chemicals they use is guaranteed. 
All cleaning products seen on site were planned to be used weekly. 
The cleaning products were stored in a designated cupboard with a padlock, and the MSDSs 
were placed on the walls of the cupboard. 
 
Table D3: Flotation plant and bulk chemical storage area 
 
 
 
Flotation plant and bulk chemical storage area management 
The flotation plant area is equipped with a hydrogen sulphide detector to warn workers if the 
hydrogen sulphide exposure limit is exceeded. 
 Cleaning agents 
Route of entry Contractors Storage  area 
Containment Designated storage, bunded shelves. 
Labelling MSDS on wall of cupboard 
Security and control Access by contractors only 
Safety/exposure controls Relevant personal protection equipment (PPE) assumed 
No. of chemicals 13 
Route of disposal Recycled containers 
 Bulk flotation reagents 
Route of entry Purchasing-bulk chemicals storage flotation plant 
Containment Concrete containment around tanks 
Labelling Poster –sized MSDS placards clearly displayed 
Security and control Closed gates – authorised access only 
Safety/exposure controls Hydrogen sulphide detector 
No. of chemicals 10 
Route of disposal Tailings Dam; Concentrates? 
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Xanthates were replaced with dithiophosphates in 2008. The xanthates were substituted 
because of their flammability. 
Poster-sized placards containing the MSDS information are displayed in the chemical storage 
area for the bulk chemicals, and the workers are aware of the dangers associated with the 
flotation chemicals. 
The gate for the storage area has a hazard classification board, which indicates the National Fire 
Protection Association (NFPA) ratings of the chemicals, and the necessary personal protection 
equipment to be used. 
The storage area has a drainage system and uses bumps to contain any chemical leaks. 
Table D4: Laboratory and Mechanical Maintenance Workshop 
 
 
 
 Laboratory chemicals Motor oils Greases/lubricants/paints 
Route of entry Purchasing - stores - 
lab 
Purchasing - 
stores - 
workshops 
Purchasing - stores - workshop 
Containment Mini-bunds on storage 
shelves; compatibility 
matrix for storage 
Bunds Cages, cupboards 
Labelling MSDS given with 
chemical 
Clear labelling; 
MSDS in 
warehouse 
Clear labelling; MSDS in 
warehouse 
Security and 
control 
Authorised access 
only 
Caged Authorised access only 
Safety/Exposure 
Controls 
Explosion resistant 
lamps; fire 
extinguishers in lab + 
storage area; good lab 
safety procedure 
Explosion 
resistant lamps in 
warehouse; 
overalls in 
workshop 
Fire extinguishers; overalls in 
workshop 
No. of chemicals 126 28 50 
Route of disposal Designated containers, 
acid neutralisation on 
extraction system 
Pumped into oil 
waste tank 
Used overalls separated; 
empty containers separated; 
go to salvage yard 
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Analytical Laboratory Chemical Management 
Exemplary storage of perchloric acid. Stored on the bottom shelf and placed in absorbent peat 
material, to reduce impact and improve containment, including in the case of earthquakes. 
Potassium chlorate, which is explosive when mixed with combustible material, is locked away in 
a secure container. 
The doors to the chemical storage area are always locked, with only authorised access. 
Chemicals have already been scored and classified by an external contractor into high and low-
risk substances, and their potential documented in terms of storage methods, the amounts used 
and their potential to affect the environment. 
The acid waste/vapour from the fume hood is released to air, through a scrubber. 
 
Electrical and Mechanical Workshops 
Oil use is well regulated and recycled with >85% recovery. 
Materials that are contaminated with oil (e.g. filters) get washed off first with a power hose and 
the oil is then pumped into the oil waste tank. Any contaminated materials are placed in 
appropriate designated containers. 
Waste products from the workshop are sent to the Salvage Yard 
 
Warehouse 
A drain outside the warehouse where the chemicals are stored is designed to capture any 
chemical leaks and prevent wide exposure. 
The entrance of the Warehouse has a book containing the MSDS, and all the hazard categories 
are displayed on the walls in the storage area. 
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Table D5: Cleaning and Gardening Chemicals 
 
 
Contractor Chemical Management 
Every cleaning product used by the contractors is manufactured by Johnson Diversey, a 
multinational company, and the quality of the chemicals they use is guaranteed. 
Dilution of concentrated cleaning products is automated, reducing exposure to the cleaners. It is 
also cost effective and ensures consistency. 
For fumigation, including use of insecticides, no chemicals are stored on site. 
Contractors have a list of all the gardening chemicals they use and the associated MSDS. 
Table D6: Farm 
 
 
 
 
 
 
 Cleaning agents Gardening chemicals (pesticides, 
fertilisers) 
Route of entry Contractors – Storage  area Contractors 
Containment Designated storage Stored off-site. Brought on when 
required . 
Labelling MSDS on wall; instructions for 
dilution 
MSDS available 
Security and control 
Key access 
 
Only used by contractors 
Safety/exposure 
controls 
Automatic dilution system Personal protection equipment (PPE) 
assumed 
No. of chemicals 17 13 
Route of disposal Recycled containers Off-site 
 Pesticides and fertilisers 
Route of entry Farmers? 
Containment Stored in garage on farm 
Labelling MSDS not seen 
Security and control Used by farmers 
Safety/exposure controls Use of PPE unknown 
No. of chemicals 22 (3 fertilisers also used by contractors) 
Route of disposal Unknown 
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Life cycle and Observations of chemical management of chemicals  used in the Copper  Mine  
Site workspaces 
 
Table D7: Laboratory 
 
 
Table D8: Mechanical Maintenance Workshop 
 
 Laboratory chemicals 
 
Route of entry Purchasing  warehouse 
laboratory 
Containment Mini-spill pallets on storage shelves and drainage system on floor in 
warehouse; chemical safety suit. 
Labelling Shortened MSDS given with chemicals; NFPA* rating on all 
chemical containers 
Security and control Electronic key access for gas storage area. 
Safety /Exposure 
Controls 
Explosion resistant lamps; gas, fire, smoke alarm in gas storage area. 
No. of chemicals 41 
Route of disposal Solutions are diluted down the sink. 
 Mechanical Maintenance Products 
 Motor oils Greases/lubricants/paints 
Route of entry Purchasing  warehouse  workshops Purchasing warehouse  
workshop 
Containment Oils kept on pallets; storage area fitted 
with drains. 
Segregated within steel cages in 
workshop. 
Labelling Material Safety Data Sheets (MSDS) 
present in warehouse. 
MSDS present in warehouse. 
Security and control Padlocked storage Padlocked storage 
Safety /Exposure 
Controls 
Explosion resistant lamps in warehouse. Explosion resistant lamps in 
warehouse. 
No. of chemicals 37 81 
Route of disposal Used oil removed directly from 
workshop via by tank. 
Empty containers go to Salvage 
Yard. 
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Warehouse 
The warehouse is a storage area for spare equipment and accessories, as well as laboratory 
chemicals, greases, degreasers, lubricants, paints and motor oils. 
Paints, greases and laboratory chemicals are all stored separately in steel cages in the 
warehouse. 
Gases are stored separately to the other hazardous materials, and the storage area has an 
electronic key access. 
The storage areas have drainage systems to contain possible leaks form the chemicals. 
Storage areas that housed laboratory chemicals contained safety showers and chemicals safety 
equipment (clothes, mask, shoes etc). 
The Material Safety Data Sheets (MSDS) were stored with the chemicals in the storage area. 
Persons collecting chemicals from the warehouse, receive a shortened MSDS. If the NFPA score 
is above 2, then they are briefed with more detailed safety information. 
Paints are approved by Ministry of Health and have a stamp of approval. 
 
 
Table D8: Cleaning agents 
 
 
 
 Cleaning agents 
Route of entry Contractors  Storage  area 
Containment Designated storage. 
Labelling Manufacturers’ MSDSs on the wall. Specific labels for dispenser 
containers. NFPA rating is indicated for each chemical. 
Security and control Key access 
Safety/exposure 
controls 
Automatic dilution system 
No. of chemicals 14 
Route of disposal Recycled containers 
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Every cleaning product used by the contractors is manufactured by Johnson Diversey, a 
multinational company, and the quality of the chemicals they use is guaranteed. 
All cleaning products seen on site were planned to be used daily to weekly. 
All cleaning products were diluted before use by an automated dilution system. 
The cleaning products were stored in a room and the manufacturer’s MSDS were displayed on 
the walls. 
The NFPA rating was given for each cleaning product. 
 
Table D9: Explosives 
 
 
 
Table D10: Cathode Plant 
 Explosives 
Route of entry Contractors (Enaex)  Storage  area 
Containment Each explosive individually contained 
Labelling Fully labelled 
Security and control Access by contractors only 
Safety/exposure controls Stored far away from main site 
No. of chemicals 4 
Route of disposal Empty bags recycled by Enaex 
 Cathode Plant reagents 
Route of entry Purchasing-bulk chemicals storage Cathode Plant 
Containment Enclosed storage area for chemicals; Some chemicals left outdoors and 
spilling on ground; waste diesel mixture exposed to elements 
Labelling MSDS on display in storage areas; Sacks outside of cathode plant not 
labelled. 
Security and control Authorised access only 
Safety/exposure 
controls 
Sulphuric acid monitoring; masks and full PPE in electrowinning plant 
No. of chemicals 8 
Route of disposal Cathode plant diesel mixture is recycled 
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Sulphuric acid mist is measured and the exposure to workers is controlled by wearing 
appropriate PPE. 
Sulphuric acid storage area contains explosion resistant lamps and acid neutraliser showers. 
 
Table D11:Water Treatment Plant 
 
 
Life cycle and Observations of chemical management of chemicals  used in the Platinum Mine  
workspaces 
 
 
 
 
 
 
 
 
 
 Cathode Plant reagents 
Route of entry Purchasing-bulk chemicals storage water treatment 
Containment Enclosed storage area for chemicals, some chemicals stored 
outdoors. 
Labelling MSDS on display in storage areas 
Security and control Authorised access only 
Safety/exposure 
controls 
Necessary PPE used 
No. of chemicals 7 
Route of disposal Empty containers go to salvage yard 
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Table D12:Metallurgical laboratory and Retro-Fit Flotation Plant 
 
 
Metallurgical  Laboratory Chemical Management 
Samples for testing comes from the pilot plant in a small container. The concentration of 
chemicals is usually about 1% and quantity is in -litres. 
Unused chemicals are return to the pilot plant.  The waste from tested samples is disposed of via 
dilution down the sink. 
Chemical inventory with required PPE and associated first aid measures is present; 
Clear labelling of area for poisonous reagents; Updated MSDSs needed for some test samples if 
still in use. 
 
 Laboratory chemicals Flotation Reagents (Retro-Fit 
Plant) 
Route of entry Pilot plantLaboratory; 
PurchasingLaboratory 
Purchasing  brought on site in 
tanks - no drum storage;. 
Containment Stored in cupboards Tanked on - storage behind cage 
Labelling Clear labelling as poisonous reagents; 
Updated MSDSs needed for some test 
samples if still in use. 
Big placards with hazard 
information 
Security and 
control 
Authorised access only Authorised access only 
Safety & 
Exposure 
Controls 
Chemical inventory with required PPE and 
associated first aid measures is present; 
Fire extinguishers in laboratory  and 
storage; Respirator masks are used, but 
no fume hoods are present. 
Explosive index; Full Personal 
Protection Equipment (PPE) 
including apron and mask;  
Tanked on, so  minimum 
exposure; Area is barricaded off 
when  flotation tank is being filled; 
fire extinguishers present. 
No. of 
chemicals 43 
6 
Route of 
disposal 
Neat samples are returned to pilot plant; 
1% solution diluted down sink. 
Tailings Dam 
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Flotation Reagents (Retro-Fit Plant) Chemical Management 
Senmin (the manufacturer) transports the flotation reagents on site on a tanker, already in the 
liquid form, and then pumps directly into the storage tank. 
The area is barricaded off and two fire extinguishers are placed either side of the truck, before 
the pumping of the reagents. The storage tank area is also hosed down with water – possibly to 
cool down area, to reduce chance of heat/spark. 
Operators of the pumping are Senmin workers and the area equipped with plastic aprons, plastic 
gloves, and respirator masks. 
The flotation depressant reagents, which are in 500kg sacks, are taken up by a crane and the 
contents are released into the mixing area, with minimal exposure to workers. 
Chlorine is used to clean the flotation tanks, to prevent the growth of bacteria/fungi from organic 
compounds. The chlorine is diluted and disposed of in spillage area and then pumped to tailings 
dam. 
Senmin analysts monitor the activity of the Xanthates in the tailings dam. This is for technical 
reason of monitoring the efficiency of the dosing - whether too much or too little xanthate is used. 
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Table D13:Mechanical Maintenance Workshop and Cleaning Products 
 
Mechanical Maintenance Products (including motor oils and paints) Chemical 
Management 
A list of the paints used in the workshop is given to the safety officer, because oil-based paints 
require the use of special respirator masks. 
Obsolete motor oils were not placed on bunds, and some containers were rusted and opened to 
reveal the oil/grease contents. These oils are likely to have been removed by the present time. 
 
 
 
 Mechanical Maintenance Products (including 
motor oils and paints) 
Cleaning Products 
Route of entry PurchasingStoresWorkshop Contractors  Cleaning 
storage 
Containment Oils and paints in self-contained room on 
shelves and cages; greases and lubricants in 
cupboards; 
Stored on shelves 
Labelling Oils and Paint room is labelled.  Labels on old 
oils have come off and contents are difficult to 
decipher 
 
Security and 
control 
Key access for paints Authorised access 
Safety & 
Exposure 
Controls 
Fan ventilation in paint room;  Respirator mask 
required for oil-based paints 
Mask and gloves are worn 
when using some cleaning 
products 
No. of 
chemicals 71 
15 
Route of 
disposal 
Empty paint cans disposed of with hazardous 
waste; Old oil awaiting disposal in designated 
area. 
Empty containers collected 
as domestic waste. 
Cleaning contractors also 
collect waste. 
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Table D14:Analytical Laboratory and Nickel Electrowinning Plant 
 
 
Analytical  Laboratory Chemical Management 
Hydrofluoric Acid is kept in a wooden box with a padlock and only 1 person has the key and uses 
it. The waste and the contaminated PPE are collected specially and goes to the hazardous waste 
landfill site. 
The waste from the solutions goes down the  sink,  to the sump pump and then to the Effluent 
and Sodium Plant where it is  then diluted with water, which is  re-used in the plant in a closed 
system. No infiltration, as the dams are lined. 
 Laboratory Chemicals Nickel and Electrowinning Plant 
Route of 
entry 
PurchasingStoresLaboratory PurchasingStoragePlant 
Containment State of the art chemical storage 
cupboard 
Nickel sulphate waste pool not 
enclosed. 
Labelling Poisons, Bases and Acids separated 
and labelled 
Signs of required PPE for tank house; 
MSDS boards for bulk chemicals in 
tanks; 
Security and 
control 
Authorised access only. Authorised access 
Safety & 
Exposure 
Controls 
Hydrofluoric acid kept in a wooden box 
with a padlock. Only 1 person has the 
key and uses it. 
Sulphuric acid brought on site in 
tankers. Full PPE worn by workers in 
tank house; Floor of tank houses 
covered with spilt nickel sulphate 
solution and copper sulphate and 
dripping boric acid from titanium starter 
sheets; 
No. of 
chemicals 66 
8 
Route of 
disposal 
Solutions are diluted down the sink 
and water is reused in the plant; 
Waste stored in cages, for a maximum 
of 3 months before removed. 
Tank house liquor goes to leaching 
plant. 
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All MSDSs are available. 
Excellent Risk assessment for Concentrators. 
Life-cycle analysis of chemicals used in the concentrator and the laboratory being conducted. 
 
 
Table D15:Mechanical  Maintenance Workshop  and Cleaning Products 
 
 
Mechanical Maintenance Products (including motor oils and paints) Chemical 
Management 
The degreaser, Chemserve Mechsol 6 has been phased out as with most degreasers, because 
the oil-water emulsion that is formed is temporary. They have been replaced with OT8, that 
biodegrades the oil. 
 Mechanical Maintenance Products 
(including motor oils and paints) 
Cleaning Products 
Route of entry PurchasingStoresWorkshop; 
ContractorsWorkshop 
ContractorsDesignated room 
Containment Oils stored on bunds and stored in cages; 
Paints in self-contained room 
In specific locked cupboard 
Labelling Oil and paint storage labelled; MSDS folder 
present in Fibreglass Workshop 
Signs of required PPE for tank 
house; MSDS boards for bulk 
chemicals in tanks; 
Security and 
control 
Key required for access to oil and paint 
storage; 
Key access 
Safety & 
Exposure 
Controls 
Extractor fan automatically switched on 
when oil and paint storage door is closed. 
Spill kits present 
Ventilation holes in cupboard; 
PPE labels on door 
No. of 
chemicals 106 
17 
Route of 
disposal 
Oil-water separation and water reused in 
plants; Oils taken to salvage yard. 
Domestic waste for empty 
containers? 
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Full PPE is used in the Fibreglass workshop, and the work is done outdoors. The MSDS folder is 
present in this workshop. 
Water from the Oil-Water separator goes to lined dams and is re-used in the Plants. 
Drained oil from vehicles is collected and recycled by OilKol. 
Life cycle and Observations of chemical management of chemicals  used in the Coal Mine 
workspaces 
 
Table D16: Condition laboratory  and Gardening Chemicals 
 
 
Condition Laboratory  (Engineering Laboratory) Chemical Management 
Analyses engine oil to determine the condition of the engines 
Contracted out to Dierderick company 
Chemicals used are Hexane, Toluene and engine oil 
Disposal of oils is carried out under fumehood 
 Condition laboratory Gardening Chemicals 
Route of entry PurchasingLaboratory; 
ContractorLaboratory 
Contractors 
Containment Stored in cupboards and cages Small quantity stored on site in 
cupboards. Remainder stored 
off-site 
Labelling Clear labelling; a MSDSs accessible Drawer with chemicals clearly 
labelled; MSDSs accessible 
Security and 
control 
Authorised access only Authorised access only 
Safety & 
Exposure 
Controls 
Engineering  lab chemicals used and 
disposed of under fumehood; 
Heavy duty rubber gloves and 
respirator mask used. 
No. of chemicals 4 16 
Route of disposal Empty containers and waste hexane 
collected. 
Empty containers are burnt 
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New waste oil storage will have 3 compartments: empty containers; full containers; mixed 
chemicals. 
 
Gardening Chemicals Chemical Management 
Contracted Gardeners – United Gardens 
Personal protection equipment (PPE) stored securely with gardening chemicals in padlocked 
drawers. Heavy duty rubber gloves and respirators are used. 
The chemicals are mixed by the gardener only. 
Only keep a small quantity of chemicals are stored on site at a time. Some chemicals are stored 
off-site and brought on as required. All MSDSs are accessible. 
.The empty containers of gardening chemicals are burnt, so that people don’t use them as water 
containers. 
The important points on MSDSs are highlighted to indicate that they have been read. 
 
Table D17: Mechanical  Maintenance Workshop 
 
 
 
 
 Mechanical Maintenance Products (including motor oils and 
paints) 
Route of entry PurchasingStoresWorkshop 
Containment Oils and paints stored on shelves in cages 
Labelling Paint storage labelled and MSDSs accessible; hazard 
warnings visible 
Security and control Key access for paints 
Safety & Exposure Controls Fire extinguishers stored with paints 
No. of chemicals 88 
Route of disposal Empty paint cans disposed of with hazardous waste; Waste 
oil collected 
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Mechanical Maintenance products Chemical Management 
Paints locked in cages with accessible MSDSs. 
The use of spray paints in workshops have ceased because of multiple incidents of contact with 
eyes. 
 
Table D18: Analytical Laboratories 
 
 
 
 
 Water Laboratory High Gravity and High Density 
Laboratory 
Route of 
entry 
PurchasingLaboratory PurchasingStorageLaboratory 
Containment Stored in secured room adjacent to 
laboratory; 
Storage area for bulk chemicals is 
bunded 
Labelling Chemicals alphabetised and clearly 
labelled. MSDSs accessible 
Reminders of PPE on doors to 
laboratories and bulk storage area   
MSDSs 
Security and 
control 
Authorised access only. Authorised access only. 
Safety & 
Exposure 
Controls 
Most chemicals used in fumehood; 
Laboratory has continuous extraction 
system; Respirator mask worn when 
using mercury thiocyanate; Safety 
shower located outside of chemical 
storage area 
Full PPE worn in high density lab; 
powerful extraction system; 15 minute 
work shifts; annual medical 
examinations 
No. of 
chemicals 114 
5 
Route of 
disposal 
Solutions are diluted down the sink 
and goes to municipal waste drains; 
Chemicals used in XRF machine 
evaporate and are extracted. 
Waste chemicals collected 
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Water Laboratory Chemical Management 
Checks polluted and potable water 
 
Chemicals in store cupboard are alphabetised. 
 
Waste solutions are diluted and poured down sink., which leads to municipal waste drains. 
 
The use of Mercury Thiocyanate is not favoured by workers. Respirator mask and latex gloves 
are worn. This chemical in used in the Flow-Injection-Analyser (FIA). It is mixed with methanol 
and a litre of solution is made up each month. 
 
Laboratory has continuous extraction system. 
 
Hydrofluoric acid (HF) replaced by XFR machine because of the hazardousness of HF.  Three 
bottles of HF were stored on premises as a back-up if the XRF machine broke down. But these 
have been removed since then. 
 
Safety shower located outside of chemical storage area. 
 
High Gravity F&S laboratory Chemical Management 
A cerium formate plant will be built that will be automatic and will not require manual washing of 
the coal. Cerium formate will achieve a higher density separation. 
 
At present, coal is separated with Zinc Chloride and water. The sedimented coal goes to 
Bromoform process (High Density). 
 
Waste washings from zinc chloride goes to a drainage system and ends up at a sump pump. 
 
High Density Laboratory Chemical Management 
‘Bromoform’ process – Tetrabromoethane is diluted with perchloroethylene  to the required 
density. The coal is floated in mixture and then washed methanol. 
 
Full PPE is worn – including respirator mask, long rubber gloves and plastic apron and there is a 
huge, powerful  extraction system. 
 
Workers only work for 15 minutes at a time. 
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Workers have medical examination annually, and the precautions taken so far appear to be  
adequate. 
 
Table D19: Cleaning Products 
 
 
Cleaning Products Chemical Management 
The cleaning chemicals brought on site by the cleaner are listed. 
 
Only one MSDS seen in storage cupboard, but the cleaner had been  told that MSDSs for 
cleaning products are not required to be brought on site. 
 
Cleaning contractors have to follow company’s  PPE standards, so gloves, apron and steel-
capped shoes are required. 
 
 
 
 
 
 
 Cleaning Products 
Route of entry ContractorsDesignated room 
Containment In specific locked room 
Labelling MSDSs for available for some chemicals, but contracted cleaner not 
required to bring on MSDSs. 
Security and control Locked room 
Safety & Exposure 
Controls 
Cleaner has to follow company’s  PPE requirements of gloves,  apron, 
steel capped shoes. 
No. of chemicals 18 
Route of disposal Domestic waste for empty containers? 
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Table D19: Shared Services Laboratory and Explosives 
 
 
 
AEL  Explosives Chemical Management 
Boosters and accessories  (detonators) are legally required to be stored separately. 
A record  is kept on the quantity of accessories used. This is a legal requirement, as the stock 
must balance. 
 
Only AEL contractors can handle the explosives. 
 
 
 
 
 
 
 Laboratory (Old Landau shared services) Explosives 
Route of entry PurchasingLaboratory Contractors (AEL)Storage 
Containment Chemicals stored on shelves and in 
cupboards 
Explosive silos stored in remote 
location away from offices; Boosters 
contained in concrete storage, 
separate to the detonators 
Labelling List of chemicals with indications if MSDSs 
are present or not 
Appropriately labelled and MSDS 
accessible. 
Security and 
control 
Authorised access to laboratory  for 
relevant personnel only. 
Only the contractors can handle the 
explosives; legal requirement to 
record how many detonators have 
been used. 
Safety & 
Exposure 
Controls 
Signs reminding to wear PPE, posted on 
door to laboratory 
Remotely located 
No. of 
chemicals 24 
8 
Route of 
disposal 
Several chemicals viewed were not used 
anymore. Advice was going to be sought 
on the disposal of these chemicals. 
Explosives converted nitrogen and 
carbon oxides in explosion. Unknown 
disposal of residual waste. 
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Table D20: Mechanical Maintenance and Workshop and Household chemicals in kitchen 
 
 
 
Mechanical Maintenance Chemical Management 
Chemical Safety board outside of Chemical Store was very good – warned about the hazards 
and procedures to follow in case of an emergency. 
 
Engine oil used the most – kept in locked storage area and pumped to designated outlets for use 
by workers.  Very good in terms of adhering to authorising access to oils, and reduces exposure 
to mass amount of chemicals. 
 Mechanical Maintenance products (in workshops) Household chemicals (in 
kitchen) 
Route of entry PurchasingStorageWorkshops Purchasing Kitchen 
Petty Cash Kitchen 
Containment Chemicals stored on shelves in warehouse; paints in 
concrete storage area; oils in bunded areas; Navigation 
workshop’s oil kept in locked storage area and pumped 
to designated areas for use by workers. 
Stored in cupboards 
under sink; Rat poison 
also stored there. 
Labelling Areas for chemical containment clearly labelled. Some 
MSDSs available, but some containers old and labelling 
illegible 
MSDSs accessible users 
of chemicals; Some 
cleaning products 
insufficiently labelled. 
Security and 
control 
Storage area of paints padlocked; Access to oil requires 
authorisation 
Users have to sign 
chemical authorisation 
sheet. – Chemicals 
bought with petty cash 
not on the list (eg rat 
poison) 
Safety & 
Exposure 
Controls 
Chemical Safety board outside of Chemical Store 
warned about the hazards and procedures to follow in 
case of an emergency. 
Assumed appropriate 
PPE is worn 
No. of 
chemicals 102 
 
28 
Route of 
disposal 
Empty paint containers go to hazardous waste Municipal waste? 
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Household chemicals Chemical Management  ( Kitchen) 
Not all products go through Procurement – some items bought at local shop with petty cash – 
carwash, fungicide, tyre cleaning product, and rat poison. These chemicals are stored 
underneath the kitchen sink. 
 
Workers have to sign chemical authorisation sheet. The MSDSs for the chemicals are stored in 
kitchen drawer. These do not include the chemicals bought with petty cash such as the rat 
poison. 
 
Table D21: Water Reclamation Plant 
 
 
 Water Treatment Chemicals Mechanical 
Maintenance 
Products 
Laboratory 
Chemicals 
Route of entry StoragePlant Purchasing 
Storage 
 
Purchasing 
Laboratory 
 
Containment Intermediate Bulk Container (IBC) 
drums stored in cages; 
Stored in cages in 
bunded areas 
Chemicals stored 
in cupboards 
Labelling Containers clearly labelled MSDSs available in 
office 
MSDSs easily 
accessible 
Security and 
control 
Authorised access Padlock on cages Authorised access 
Safety & 
Exposure 
Controls 
Full PPE worn at plant Oil spill kits are 
available 
Appropriate PPE 
worn 
No. of chemicals 
15 
 
11 
 
24 
Route of disposal Empty containers go to hazardous 
waste? Returned to 
manufacturers? 
Hazardous waste Hazardous waste 
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APPENDIX E 
Results of Exposure Assessment (as entered) 
Table E1: Example of Exposure Assessment results. The complete results can be found in Appendix E in attached 
spreadsheet. 
 
RESULTS
Chemical Name CAS Location of Substance Container Size Annual QuantityFrequency State/Form of Matter Route of exposure Exposure Limit Exposure limit complianceOp rational Conditions 
PPE worn as 
required by 
MSDS
Awareness
Emergency 
procedures in 
place
Part of 
Occupational 
monitoring 
programme?
Incidents 
of disease 
as a result 
of 
substance?
Route of disposal Storage Control MeasuresDispo al Control MeasuresStorage Receptor Disposal Receptor Vapour Density (relative to air)Vapour Exp sureMaximum Temperature of Conditions (oC)Storage Control Measures Usage Control Measures Disposal Control Measures 
Incidents of 
accidents 
involving 
substance?
Safety Storage Receptor
Safety Usage 
Receptor 
Safety Disposal 
Receptor 
Storage, Usage, Disposal
WORST CASE SCENARIOS (f) <1mil - 500,000(a) Daily-Weekly = Frequent(a) Gas (a) Inhalation (a) Concentration in container is above exposure limit (d) Low ventilat d area(c) No PPE (d) NA (f) No emergency procedures in place(b) No (b) Yes (g) Unknown (e) No containment (e) No containment (a) Storage area is in close proximity to water(a) Disp sal area is ccessible to animals(a) >1 (a) Open System (vapours exposed)(d) >40 oC (f) Safety monitoring not established(f) Safety monitoring not established(f) Safety monitoring not established(b) Yes (a) Storage area close to other flammable reagents(a) Usage area close to other flammable reagents(a) Disposal area close to other flammable reagentsScore 
(d) NA (g) NA (f) Residues taken off-site (b) Storage area is in close proximity to soil (d) NA (f) Safety monitoring not established(f) Safety monitoring not established(f) Safety monitoring not established (b) Storage area close to offices (or high concentration of workers)(b) Usage area has a high concent ation of workers(b) Disposal area cl se to offices (or high concentration of workers)
(d) NA (d) NA (d) NA
100 100 10 10 10 10 10 0 10 10 10 19 10 10 36 10 10 10 10 20 20 20 10 18 18 18 519
Carbon Dioxide 497-19-8 Gas Storage (c) <100- 10Kg (c) As required = Occasionally (a) G  (a) Inhalation (c) Concentration in container below half exposure limit(c) Ventilated ar a (d) NA (b) MSDS in storage and usage area(b) First-Aid kits present where chemicals are being used(b) No (a) No (b) Chemical Transformation (a) Enclosed Area (d) Other containment(c) NA (d) NA (b) 1 (a) Open System (vapours exposed)(b) <30 C (a) Fixtures appropriate for hazardous chemical storage (eg. explosion proof lighting, toxic gas detectors etc)(f) Safety monitoring not stablished(b) Compatible storage of chemicals (a) No (d) NA (d) NA (d) NA
(d) NA (d) Chemical safety suit present (h) NA (c) NA (d) NA (b) Compatible storage of chemicals (g) NA (g) NA (d) NA (d) NA (d) NA
(d) NA (d) NA (d) NA
60 30 10 10 4 5 0 1 2 10 2 4 1 2 0 0 5 10 8 2 10 1 2 0 0 0 179
Acetylene 74-86-2 Gas Storage (c) <100- 10Kg (b) Few times a month = moderate(a) Gas (a) Inhalation (d) NA (c) Ventilated area (b) Some PPE as stipulated(b) MSDS in storage and usage area(b) First-Aid kits present where chemicals are being used(b) No (a) No (b) Chemical Transformation (a) Enclosed Area (a) Enclosed Area (c) NA (d) NA (d) NA (a) Open System (vapours exposed)(b) <30 C (a) Fixtures appropriate for hazardous chemical storage (eg. explosion proof lighting, toxic gas detectors etc)(c) Fire extinguishing equipment i  cl se proximity (d) Fire pr vention signs (eg. no smoking, no mobile phones etc). (a) No (d) NA (d) NA (d) NA
(d) NA (c) Safety showers (h) NA (c) NA (d) NA (b) Compatible storage of chemicals (d) Fire prevention signs (eg. no smoking, no mobile phones etc). (g) NA (d) NA (d) NA (d) NA
(d) NA (d) NA (d) NA
60 70 10 10 0 5 6 1 2 10 2 4 1 1 0 0 0 10 8 2 4 3 2 0 0 0 211
Propane Gas Storage (c) <100- 10Kg (c) As required = Occasionally (a) G  (a) Inhalation (d) NA (c) Ventilated area (b) Some PPE as stipulated(b) MSDS in storage and usage area(b) First-Aid kits present where chemicals are being used(b) No (a) No (b) Chemical Transformation (a) Enclosed Area (a) Enclosed Area (c) NA (d) NA (d) NA (a) Open System (vapours exposed)(b) <30 C (a) Fixtures appropriate for hazardous chemical storage (eg. explosion proof lighting, toxic gas detectors etc)(c) Fire extinguishing equipment i  cl se proximity (d) Fire pr vention signs (eg. no smoking, no mobile phones etc). (a) No (d) NA (d) NA (d) NA
(d) NA (c) Safety showers (h) NA (c) NA (d) NA (b) Compatible storage of chemicals (d) Fire prevention signs (eg. no smoking, no mobile phones etc). (g) NA (d) NA (d) NA (d) NA
(d) NA (d) NA (d) NA
60 30 10 10 0 5 6 1 2 10 2 4 1 1 0 0 0 10 8 2 4 3 2 0 0 0 171
Oxygen 7782 – 44 – 7 Gas Storage (c) <100- 10Kg (b) Few times a month = moderate(a) Gas (a) Inhalation (d) NA (c) Ventilated area (b) Some PPE as stipulated(b) MSDS in storage and usage area(b) First-Aid kits present where chemicals are being used(b) No (a) No (b) Chemical Transformation (a) Enclosed Area (a) Enclosed Area (c) NA (d) NA (d) NA (a) Open System (vapours exposed)(b) <30 C (a) Fixtures appropriate for hazardous chemical storage (eg. explosion proof lighting, toxic gas detectors etc)(c) Fire extinguishing equipment i  cl se proximity (d) Fire pr vention signs (eg. no smoking, no mobile phones etc). (a) No (d) NA (d) NA (d) NA
(d) NA (c) Safety showers (h) NA (c) NA (d) NA (b) Compatible storage of chemicals (d) Fire prevention signs (eg. no smoking, no mobile phones etc). (g) NA (d) NA (d) NA (d) NA
(d) NA (d) NA (d) NA
60 70 10 10 0 5 6 1 2 10 2 4 1 1 0 0 0 10 8 2 4 3 2 0 0 0 211
Nitrogen Gas Storage (c) <100- 10Kg (b) Few times a month = moderate(a) Gas (a) Inhalation (d) NA (c) Ventilated area (b) Some PPE as stipulated(b) MSDS in storage and usage area(b) First-Aid kits present where chemicals are being used(b) No (a) No (b) Chemical Transformation (a) Enclosed Area (a) Enclosed Area (c) NA (d) NA (d) NA (a) Open System (vapours exposed)(b) <30 C (a) Fixtures appropriate for hazardous chemical storage (eg. explosion proof lighting, toxic gas detectors etc)(c) Fire extinguishing equipment i  cl se proximity (d) Fire pr vention signs (eg. no smoking, no mobile phones etc). (a) No (d) NA (d) NA (d) NA
(d) NA (c) Safety showers (h) NA (c) NA (d) NA (b) Compatible storage of chemicals (d) Fire prevention signs (eg. no smoking, no mobile phones etc). (g) NA (d) NA (d) NA (d) NA
(d) NA (d) NA (d) NA
60 70 10 10 0 5 6 1 2 10 2 4 1 1 0 0 0 10 8 2 4 3 2 0 0 0 211
Occupational Exposure Environmental Exposure Physical/Safety Exposure Chemical Identification
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APPENDIX F 
 
Incomplete Disclosure 
Chemical Undisclosed ingredient(s) Classification of 
Concern  
Com
mod
ity 
Motor Oils  
 Esso – Essolube XT5 – 
15W -40 
 ZINC DITHIOPHOSPHATE (<2.5%) (68649-42-3) NA 
Cu 
Esso – Ultron – 5W- 40 Quantity of ingredients listed: (7%) Unknown acute aquatic 
toxicity Cu 
Esso Gear Oil GX 80W-90 1-Propene, 2-methyl-, sulphurised (1-5%)(68511-50-2) Unknown acute aquatic 
toxicity Cu 
Esso -Gear Oil GX 80w-90 Quantity of ingredients listed : 1-Propene, 2-methyl-, 
sulphurised (1-5%) 
Unknown acute aquatic 
toxicity Cu 
Esso torque fluid 56  CALCIUM SULPHONATE (1-5%) (cas?); ZINC 
DITHIOPHOSPHATE (1-5%) (68649-42-3) 
Unknown acute aquatic 
toxicity Cu 
Essolube Hydraulic 10W  ZINC DITHIOPHOSPHATE (<2.5%) (68649-42-3) Unknown acute aquatic 
toxicity Cu 
Essolube XD-3  ZINC DITHIOPHOSPHATE (<2.5%) (68649-42-3) Unknown acute aquatic 
toxicity Cu 
Esso-torque fluid 56 Quantity of ingredients listed: (3%) Unknown acute aquatic 
toxicity Cu 
Mobil – Spartan EP 220 Quantity of ingredients listed: (0%) Unknown acute aquatic 
toxicity Cu 
Mobil Glygoyle 30 Benzenamine, N-phenyl-, reaction products with 2,4,4-
trimethylpentene (5%) ( 68411-46-1) 
NA 
Cu 
Mobil Hydraulic 10W  ZINC DITHIOPHOSPHATE (<2.5%) (68649-42-3) Unknown acute aquatic 
toxicity Cu 
Mobil Rarus SHC 1024 TRIPHENYL PHOSPHATE (0.1-1% (115-86-6) NA 
Cu 
Mobilfluid 424  CALCIUM SULPHONATE (1-5%) (cas?); ZINC 
DITHIOPHOSPHATE (1-5%) (68649-42-3) 
Unknown acute aquatic 
toxicity Cu 
Tribol Molub-Alloy Quantity of ingredients listed: (0%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Engen - Engen Premium 
EP2 
Lithium 12-hydroxystearate (<5%)(7260-77-7); Zinc 
Naphthenate(<5%)(12001-85-3) 
NA 
Pt 
Shell - Turbo Oil 32 Highly refined mineral oils and additives;  Nphenyl-1-
naphthylamine (0.1-0.24 %) (90-30-2) 
Unknown acute aquatic 
toxicity Pt 
Castrol - Tection 19W-40 Highly refined base oil (IP 346 DMSO extract < 3%). 
Proprietary performance additives; Zinc alkyl 
dithiophosphate (1 -2.5%)(84605-29-8) 
Unknown acute toxicity 
Coal  
BP - Superdisc 2-[2-(2-butoxyethoxy)ethoxy]ethanol (143-22-6) (10 - 
20%); 2-(2-butoxyethoxy)ethanol (112-34-5) (1 - 5%) 
Unknown acute aquatic 
toxicity Coal  
Shell Albida EP2 O,O,O-triphenyl phosphorothioate (597-82-0) (2%); 
pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-
hydroxyphenyl) propionate) (<2%) (6683-19-8) 
NA 
Coal  
Caltex Compressor Oil 
RA-46 
None listed - determined not to be hazardous Unknown acute toxicity 
Coal  
Lubrene Ingredients considered hazardous to health: Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coal  
Cleaning Products 
Cu 
Suma Calc D5 Quantity of ingredients listed: Phosphoric acid (30%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Sumaveg – Liquido Quantity of ingredients listed: (5%) Harmful if swallowed 
Cu 
Suma – Calc Quantity of ingredients listed: Phosphoric acid (30%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Divosan – S6 -3 Quantity of ingredients listed : Benzalkonium Chloride( 
2.5%) 
Unknown acute toxicity ; 
Toxic to aquatic life Cu 
Diverclean Sanidet Quantity of ingredients listed: (10%) Unknown acute aquatic 
toxicity Cu 
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Glade Quantity of ingredients listed : Butane (15-30%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Jubilee Quantity of ingredients listed: (2.5%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Kitt 35 Professional Quantity of ingredients listed : Distillates of petroleum (5-
8%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Enhance Quantity of ingredients listed: Sodium laureth sulphate 
(<15%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Repass Quantity of ingredients listed: wax emulsion (10%) Unknown acute toxicity 
Cu 
Winglo Glass Cleaning 2 - Butoxy Ethanol (5-7%) (111-76-2); Isopropanol (2-3%) 
(67-63-0) 
Unknown acute aquatic 
toxicity Pt 
Duster plus -modern 
surface cleaner 
(Lavender) 
Propane (1-5%) (74-98-6); Isobutane (5-10%) (75-28-5) Unknown acute aquatic 
toxicity 
Pt 
OB50 - Disinfectant 
Cleaner 
Alkyl Dimethyl Benzyl; Ammonium Chloride  (3-4%) 
(68424-85-1) 
NA 
Pt 
Kemklor - Sodium 
Hypochlorite 
Sodium Hypochlorite (4-5%) (7681-52-9) Unknown acute aquatic 
toxicity Pt 
AFS 2 - Butoxy Ethanol (1.5-2.5%) (111-76-2); Ethanolamine 
(141-43-5) (1.5-2.5%); Sodium Metasilicate (6-8%) (6834-
92-0) 
Harmful if 
swallowed;Unknown acute 
aquatic toxicity Pt 
View 2-butoxyethanol (>10%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Grease Buster Econo DOES NOT CONTAIN ANY HAZARDOUS 
INGREDIENTS 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coal  
Magnus Waterless 
handcleaner 
No ingredients listed Unknown acute toxicity 
Coal  
Sanpic (Original Pine) 
Disinfectant 
PINE OIL 2 %; TERPINOLENE 1 % ORTHO - BENZYL- 
PARA-CHL 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coal  
Jik - Bleach SODIUM HYDROXIDE 0.6 %;  SODIUM 
HYPOCHLORITE 3.5 % 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coal  
Handy Andy Cream 
(Ammonia Fresh) 
Ammonium Hydroxide (2-5%) (1336-21-6) NA 
Coal  
Pink Antibacterial 
Handsoap  
Formaldehyde (50-00-0) (0.2%); Sodium Sulphate (1%) Unknown acute toxicity; 
Formaldehyde suspect CMR 
- not communicated Coal  
Mechanical Maintenance  
Cu 
Rota-Z Quantity of ingredients listed: 2.5% Unknown acute aquatic 
toxicity Cu 
Wurth - Supershnell - 
Adhesive 
Quantity of ingredients listed: 65% Toxic if swallowed 
Cu 
Loctite 592 Fragrance (1-5%) NA 
Cu 
Ultra Coolant - Air 
Compressor Coolant 
Blend containing a polyoxyalkylene glycol, a 
pentaerythritol ester, and other components 
 Toxic to aquatic life 
Pt 
Spanjaard Penetrating 
Spray 
Propane/Butane (20.00% - 45.00%) Unknown acute toxicity 
Coal  
Olie en Roes No ingredients listed Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coal  
Spanjaard - Electro kleen No ingredients listed Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coal  
Debsi Silicone - Universal 
high performance sealant 
triacetoxyethylsilane (017689-77-9 )(< 5%) NA 
Coal  
Polycell - End Rust 2-BUTOXY ETHANOL (< 12.5 )(111-76-2) Unknown acute toxicity 
Coal  
Laboratory Chemicals  
Cu 
Petroleum Benzine Quantity of ingredients listed: Hexane (2%) Toxic to aquatic life 
Cu 
Buffer Solution pH13 Quantity of ingredients listed: Sodium hydroxide ( <5%) Unknown acute toxicity 
Cu 
Buffer Solution – pH7 Quantity of ingredients listed: Thymol (<1%) Unknown acute toxicity 
Cu 
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Buffer Solution – pH2 Quantity of ingredients listed : Citric Acid (<10%) Unknown acute toxicity 
Cu 
Buffer Solution pH13 Quantity of ingredients listed: Sodium hydroxide ( <5%) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Cu 
Paints  Pt 
Plascon - EMS18 -
Plascosafe 18 Primer - 
Red Oxide 
2- BUTOXYETHANOL (<2%) (000111-76-2) Harmful if 
swallowed;Unknown acute 
aquatic toxicity Pt 
Plascon - QD Primer 2- BUTOXYETHANOL (<2%) (000111-76-2) Harmful if swallowed 
Coal  
Plascon - Plascozing - 
Polygalv Primer - Organic 
Zinc Rich Primer 
2- BUTOXYETHANOL (<2%) (000111-76-2) Harmful if swallowed 
Coal  
Flotation Reagent 
Cu 
Aero MX-3753 Promoter Dithiocarbonate compound (1-1.6%) Harmful if swallowed; Toxic to 
aquatic life Cu 
Magnafloc 333 Adipic acid (1-3%) (1242-04-9) NA 
Pt 
Gardening Chemicals  
Cu 
Oxicloruro de cobre Quantity of ingredients listed: copper oxychloride (36%) Very toxic to aquatic life 
Cu 
 
Unspecific Chemical Identity 
Chemical Undisclosed ingredient(s) Classification of 
Concern  
Co
m
mo
dit
y 
Motor Oils  
 Shell - Brake and 
clutch fluid oil - 
Dot 4 
Non hazardous - Partially esterified mixture of methyl and butyl glycol 
ether borates; Contains corrosion inhibitor and anti-oxidant formulation 
NA 
Pt 
Castrol Dynamax Highly refined mineral oil, Synthetic lubricants and additives Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Castrol Assuron 
T Plus SAE 40 
Highly refined base oil (IP 346 DMSO extract < 3%). Proprietary 
performance additives. 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Castrol - 
Longtime PO 2 
Base oil - unspecified - (50 - 100%); thickening agent Unknown acute toxicity Coa
l  
Castrol - 
Transmax M 
Polyalkyl methacrylate (Proprietary)(10 – 20%); Methacrylate 
copolymer (Proprietary)( 1 – 5%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Caltex - Gear Oil 
LSD SAE 90 
Ingredients determined not to be hazardous - Paraffinic distillates and 
additives that may include extreme pressure agent, detergent 
dispersant, pour point depressant and antifoam agent 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Engen - 
Dieselube 600 
Super 
Base oils (> 80.00%); Additives (< 20.00%) NA 
Coa
l  
Shell - Retinax 
LX2 
Highly refined petroleum oils (Mixture)( 80 - 90 %); Lithium grease 
thickener (Mixture)( 5 - 15 %); Zinc Compounds (Mixture)( 1 - 3 %); 
Polymer additives (Mixture)( 1 - 3 %) 
NA 
Coa
l  
Shell - RA 46 - 
Compressor Oil 
Highly Refined Base Oils (>99 %); Additives : Oxidation Inhibitor , Rust 
Inhibitor ,Antifoam Agent, And Pour Point Depressant (< 1 %) 
Unknown acute aquatic 
toxicity 
Coa
l  
Shell - OHC  68 - 
Circulating 
Hydraulic Oil 
A BLEND OF HIGHLY - REFINED MINNERAL OILS AND ADDITIVES Unknown acute aquatic 
toxicity Coa
l  
Shell - Alvania 
EP2 
Non hazardous -  highly-refined mineral oils and additives. Unknown acute aquatic 
toxicity 
Coa
l  
Shell - Spirax A - 
85W/140 Loco 
Gearbox Oil 
Highly refined mineral oils and additives; Olefin sulphide (1-2.99 %); 
Alkenylamine (0.1-0.9 %) (112-90-3) 
NA 
Coa
l  
Shell - OGI 320 - 
Industrial Gear 
Oil 
A BLEND OF HIGHLY - REFINED MINNERAL OILS AND ADDITIVES Unknown acute aquatic 
toxicity Coa
l  
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Alvania EP (LF) 2 Non hazardous -  highly-refined mineral oils and additives. Unknown acute aquatic 
toxicity 
Coa
l  
Alvania WR2 A lubricating grease containing highly-refined mineral oils and additives Unknown acute aquatic 
toxicity 
Coa
l  
Shell - Brake and 
Clutch fluid Dot 4 
Non hazardous - Partially esterified mixture of methyl and butyl glycol 
ether borates; Contains corrosion inhibitor and anti-oxidant formulation 
NA Coa
l  
Shell - Donax - 
Automatic 
Transmission 
fluid 
Highly refined mineral oil and synthetic base oil (85-
95%)(blend);Polymer additives (3-9) (proprietary); Zinc 
dialkaryldithiophosphate (ZDDP)(1-3%) (proprietary) 
Unknown acute aquatic 
toxicity 
Coa
l  
Shell - Omala 
220 
Highly refined mineral oils and additives. (non-hazardous) NA Coa
l  
Shell - Morlina 
460 
Blend of polyolefins and additives. NA Coa
l  
Shell - Tellus 68 Non hazardous Highly refined mineral oils and additives. Unknown acute aquatic 
toxicity 
Coa
l  
Shell - Omala 
150 
non hazardous Highly refined mineral oils and additives NA Coa
l  
Paints Cop
per 
Cerisita - Oleo 
Brilliante 
Resins, pigments, turpentine  (25-50%) and additives Harmful if 
swallowed;Unknown acute 
aquatic toxicity 
Cop
per 
Diluyente Duco 
(Piroxilina) 
Aromatic hydrocarbons and oxygenated solvents, including alcohols, 
ketones and retarding agents 
Harmful if swallowed Cop
per 
Iponlac - Pinturas 
Stierling - 
Division Industrial 
Resin, additives, stabilizers, biocides, pigments Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Cop
per 
Super AS -Silver 
paints - Masilla 
Epoxy Bond 
Part A: Epoxy resins and pigments. Part B: Polyamide resins  Toxic if swallowed;  
Unknown acute toxicity Cop
per 
Tricolor - Esmalte 
Al Agua 
  Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Cop
per 
Medal Paints - 
Stoep Paint 
Aromatic hydrocarbons, alcohols and glycol ether. Inorganic and 
organic synthetics.- White Spirit(-<1% ); benzine ( >10%); Drier blends 
Cobalt: ( 0.8%) 
Unknown acute toxicity 
Coa
l  
Sigma Coatings - 
Sigma Thinner 
Xylene, Toluene, MEK, Aromatic hydrocarbons, Alcohol's. Suspected reprotoxin; 
Insufficient CMR 
communication 
Coa
l  
Dura Paints -  
Azure Black 
Petroleum Hydrocarbons Harmful if 
swallowed;Unknown acute 
aquatic toxicity 
Coa
l  
Dura Paints -  
QD Enamel 
White 
Petroleum Hydrocarbons Harmful if 
swallowed;Unknown acute 
aquatic toxicity 
Coa
l  
Pro-Paint 
Manufacturing - 
Super Gloss 
Enamel - Golden 
Yellow 
ALIPHATIC SOLVENT  (stoddard solvent)> 25 % (8052-41-3) ; LEAD 
CONTENT < 5 %; SOLUBLE < 3 %; SOLUBLE ON NV. < 5 % 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Dulux Trade - 
Floor Enamel 
Paint - Red 
Oxide 
ALIPHATIC SOLVENT  (stoddard solvent)> 25 % (8052-41-3) ; LEAD 
CONTENT < 5 %; SOLUBLE < 3 %; SOLUBLE ON NV. < 5 % 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coa
l  
Community 
Paints - Road 
Marking - Yellow 
ALIPHATIC SOLVENT  (stoddard solvent)> 25 % (8052-41-3) ; LEAD 
CONTENT < 5 %; SOLUBLE < 3 %; SOLUBLE ON NV. < 5 % 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Dulux Durable 
High Gloss- 
Brilliant White 
Pigments (10-60%);Synthetic polymer(s)(10-60%); Mineral turpentine 
(10-60%) Kerosine (10-60%) (8008-20-6); White spirit (Stoddard 
solvent) (10-60%) (8052-41-3); Solvent naphtha (petroleum), light 
arom(1-<10%)( 64742-95-6); Xylene (1-<5%) (1330-20-7) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coa
l  
Community 
Paints - Road 
Marking - White 
ALIPHATIC SOLVENT  (stoddard solvent)> 25 % (8052-41-3) ; LEAD 
CONTENT < 5 %; SOLUBLE < 3 %; SOLUBLE ON NV. < 5 % 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Dulux Trade - 
Floor Enamel 
Paint - Brilliant 
Green 
ALIPHATIC SOLVENT  (stoddard solvent)> 25 % (8052-41-3) ; LEAD 
CONTENT < 5 %; SOLUBLE < 3 %; SOLUBLE ON NV. < 5 % 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coa
l  
Sherwin Williams 
- Diluyente 
  Harmful if swallowed Coa
l  
Cleaning Products Cop
per 
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Suma Inox D7 Mixture of petroleum hydrocarbons  (25-35%) Harmful if swallowed;  
Unknown acute aquatic 
toxicity 
Cop
per 
Toilet Bowl  
Cleaner 
surfactants (<5%); Hydrochloric acid (>30%); solvents (<5%); wetting 
agents (<3%); Dilemonine (<2%) 
Unknown acute toxicity ; 
Harmful to aquatic life Pt 
Cristal Black Dip 
(C14) 
HHBTA(>10%); RAFINATE SOLVENTS (<10%); TALL OIL REFINE 
(>10%); ROSIN SOLUTIONS (>10%); METHS(>10%); 
ETHANOLAMINES (>5%); ADDITIVES (<5%) 
Harmful if swallowed; 
Unknown acute aquatic 
toxicity Pt 
Cristal Super 
Dish (C1) 
Water softeners (<5%);Sodium laurel ether sulphate (>5%); 
DBSA(>10%); Sodium Hydroxide (<3%); Sodium chloride; 
(<2%)Preservatives (<1%); Dye & fragrances (<0.10%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Cristal Air 
Freshner (C20) - 
Fruity Rose 
Propyl alcohol (<5%); Surfactants (<5%); perfume (<2%); dyes 
(<0.001%)  
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Cristal Pine Gel 
(C6) 
Additives (<5%); DBSA (>15%); sodium hydroxide (<3%); pine oil 
(>7%);  water softners (<2%); surfactants (>3%); dyes (<3%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Cristal 
Ammoniated 
Cleaner (C2) 
Water soluble additives (<5%); Scouring abrasive powder (<5%); 
solvents (<5%); surfactants (>2%); thickner (<2%); pine oil (<5%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Cristal Deocid 
Cleaner (C13) 
Non ionic surfactants (<5%); Cationic biocides (>7%); Additives (<5%); 
solvents (<5%); Dye & fragrance (>1%) 
 Unknown acute aquatic 
toxicity Pt 
Cristal Dish XF DBSA (<20%); Sodium laurel ether sulphate ; Water soluble additive’s; 
Pigments; sodium chloride; Preservatives (<1%); fragrances 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Cristal Pine 
Cleaner (C12) 
Non ionic surfactants (<5%); Cationic biocides (<5%); Additives and 
water softners (<5%); solvents (<5%); Dye & fragrance (<1%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Cristal Shower 
Clean (C15) 
Surfactants (<10%); Cleaning solvents , ethylene (<7%);water softners 
(>1%); Biocides (>2%); soft acid, citric (<10%); Natural cleaning 
additives (<5%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Wipex Safety 
Wash 
aqueous non-ionic surfactant concentrate containing a quaternary 
ammonium 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Pt 
Stericide Alkyl Dimethyl Benzyl Ammonium Chloride (less than 10%) Harmful if swallowed; 
Harmful to aquatic life Pt 
Harpic Power 
Active 
Surfactants (<10%); Formic Acid (64-18-6)(<5%); Fragrance (mixture); 
Sodium hydroxide (1310-73-2) (<1%); Other ingredients classified as 
non hazardous (to 100%) 
Unknown acute toxicity 
Coa
l  
Mechanical Maintenance  Cop
per 
Ultra Coolant - 
Air Compressor 
Coolant 
Blend containing a polyoxyalkylene glycol, a pentaerythritol ester, and 
other components 
Toxic to aquatic life 
Cop
per 
Marvel Hot C-14 Oxygenated solvents and alkaline salts Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Cop
per 
Permatex - 
Retaining 
Compound 
Polyester Resin (40%) (mixture) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Cop
per 
Permatex - 
Anaerobic Flange 
Sealant 
Coumarone-Indene Resin (<10%) (mixture) Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Cop
per 
Passol – 
Diluyente – Duco 
Plus 
Formulated on the basis of aromatic hydrocarbons and  oxygenated 
alcohol, ketones and retardants 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Cop
per 
Ultra Coolant Blend containing a polyoxyalkylene glycol, a pentaerythritol ester, and 
other components 
Toxic to aquatic life Cop
per 
Elastosello -
Silicona 700 
Silicon emulsion (<50%); Non ionic surfactant in aqueous solution Unknown acute aquatic 
toxicity 
Cop
per 
Satcoflor Resin Diglycidyl ether of Bisphenol A Unknown acute aquatic 
toxicity Pt 
Rocol - RTD- 
Metal Cutting 
Compound 
mineral oil (1-10%); chlorinated waxes (>60%); other waxes (10-30%); 
sulfurised oil (10-30%) 
NA 
Pt 
Castrol BNS 
Grease 
Highly refined base oil (IP 346 DMSO extract < 3%). Soap. Proprietary 
performance additives. 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Lectro - Cast POLYURETHANE RESIN; Additives/catalysts Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Corpro 800 P.L -  
B Component 
Polyisocyanate based on MDI (30-60%); 4,4'-Diphenylmethane 
diisocyanate (MDI) (15-40%)(101-68-8); Diphenylmethane diisocyanate 
Suspected carcinogen; 
Insufficient CMR 
Coa
l  
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(MDI) (10-30%)(26447-40-5) communication 
General Purpose 
Grease (GPG-
2L) 
LITHIUM SOAP <15 %; MINERAL BASE OIL <85 % NA 
Coa
l  
Cera-Line 
Hardner MM250 
BIS-PHENOL, INORGANIC FILLERS, DILUENTS Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Coa
l  
Master Guard - 
Fabric 
Protectection 
Perfluoro alcohol/alkyl condensate (<0.001%); Dipropyleneglycol 
monomethyl ether (CAS 34590-94-8) (0.01%); Non-hazardous inert 
ingredient (CAS 7732-18-5) WATER (5-10%); Non-hazardous inert 
ingredient (CAS 7732-18-5) (90-95%) 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity Coa
l  
Laboratory Chemicals  
Pt 
Flomin C-4440 Allyl isobutyl xanthate ester (85-95%); Isobutyl alcohol (5-15%) (78-83-
1) 
Harmful if swallowed;Toxic 
to aquatic life Pt 
Magnafloc 156 Anionic acrylamide copolymer(Non hazardous) NA 
Pt 
XD100 Aqueous solution of a cationic polyacrylamide NA 
Pt 
Gardening Chemicals  Cop
per 
Silwet L-77 Ag Blend of polyalkyleneoxide modified hepta-methyltrisiloxance and 
allyloxy-polyethylene glycol methyl ether 
Unknown acute toxicity ; 
Unknown acute aquatic 
toxicity 
Cop
per 
Enrai Zante Quantity of ingredients listed: 7% Suspected carcinogen; 
Insufficient CMR 
communication; Harmful if 
swallowed;Toxic to aquatic 
life 
Cop
per 
Flotation Reagent Cop
per 
Aero-3752 
Promotor 
Inorganic sulphides  Toxic if swallowed;  
Unknown acute toxicity 
Cop
per 
Hostaflot Lib K Potassium dibutyl dithiophosphate;  sodium hydroxide and other 
ingredients 
 Harmful if swallowed Cop
per 
Cathode Plant Reagents  Cop
per 
Cytec - Acorga - 
PT5050 MD - 
Solvent 
Extraction 
Reagent 
Alkyl alcohol (30-60%) Harmful if swallowed; Very 
toxic to aquatic life 
Cop
per 
 
Relative Quantity Unknown 
Chemical Undisclosed ingredient(s) Classification of 
Concern  
Commodity 
Laboratory Chemicals  Cu 
Petroleum 
Benzine 
Quantity of ingredients listed: Hexane (2%) Toxic to aquatic life 
Cu 
Buffer 
Solution 
pH13 
Quantity of ingredients listed: Sodium hydroxide ( <5%) Unknown acute toxicity 
Cu 
Buffer 
Solution – 
pH7 
Quantity of ingredients listed: Thymol (<1%) Unknown acute toxicity 
Cu 
Buffer 
Solution – 
pH2 
Quantity of ingredients listed : Citric Acid (<10%) Unknown acute toxicity 
Cu 
Senkol 3 ethyl-dithiophosphate/sodium hydroxide. Harmful if swallowed ; Very toxic to 
aquatic life Pt 
Senkol 8 Alkyl-dithiophosphate sodium salt/dithiocarbamate, sodium hydroxide 
mixture 
Harmful if swallowed ; Very toxic to 
aquatic life Pt 
Senkol  9 ethyl-dithiophosphate sodium salt/dithiocarbamate, sodium hydroxide 
mixture. 
Harmful if swallowed ; Very toxic to 
aquatic life Pt 
Gardening Chemicals  
Cu 
Solfac EC 
050 
cyfluthrin (68359-37-5) Toxic to aquatic life 
Cu 
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Seter 480 SL Glyphosate (1071-83-6) Unknown acute aquatic toxicity 
Cu 
Agil 100EC Propaquizafop; Naphthalene; 1-methylpyrrolidin-2- Polyethylene Glycol 
Isotridecyl Ether Solvent Naphtha 
Suspected carcinogen; insufficient 
CMR communication;  Toxic to 
aquatic life Cu 
Goal 2EC Oxyfluorfen (42874-03-3) Very toxic to aquatic life 
Cu 
Flotation Reagent 
Cu 
Flotamin MR 
9900 
Polycarboxylate; Acrylic acid sodium salt polymer (68479-09-4) Harmful if swallowed 
Cu 
Senkol 65 n-butyl dithiocarbamate; Sodium hydroxide Harmful if swallowed ; Very toxic to 
aquatic life Pt 
Water Treatment Chemicals 
Pt 
Inhibitor 
ZP8501 
2-phosphonobutane-1,2,4-tricaroxylic acid (37971-36-1); zinc sulphate 
(7733-02-0);phosphoric acid (7664-38-2); Nitric acid (7697-37-2); 1-H-
Benzotriazole (95-14-7) 
Unknown acute aquatic toxicity 
Pt 
Paints  
Coal  
Cedar 
Spray - 
Marking 
Paint 
Methylene chloride (dichloromethane) Suspected carcinogen; insufficient 
CMR communication;  Unknown 
acute toxicity 
Coal  
 
 
Trade Secrets 
Chem
ical 
Undisclosed ingredient(s) Classifica
tion of 
Concern  
C
o
m
m
o
di
ty  
Motor Oils  
Esso 
ATF 
 METHACRYLATE COPOLYMER  (5%) (CAS confidential) Unknown 
acute aquatic 
toxicity 
Co
pp
er 
Essontr
ans 10w 
CALCIUM SULPHONATE (0.1-1%) (polymer); TETRAPROPENYL PHENOL (0.1-1%) 
(121158-58-5);  ZINC ARYLDITHIOPHOSPHATE (1-5%) (confidential) 
 Very toxic to 
aquatic life 
Co
pp
er 
Mobilith 
SHC 
100 
Benzenamine, N-phenyl-, reaction products with 2,4,4-trimethylpentene (1-5%) (68411-46-1); 
LITHIUM SALT OF ALIPHATIC ACID (1-5%) (confidential): METHYLENE 
BIS(DIBUTYLDITHIOCARBAMATE) (1-5%) 10254-57-6; ZINC DIALKYL 
DITHIOPHOSPHATE (<2.5%) (68457-79-4) 
NA 
Co
pp
er 
Shell - 
Omala 
220 
Highly refined mineral oils and additives. (non-hazardous) NA 
Pt 
Fuchs Additives (5.0%); Polymers (5.0%); Aluminium complex soap (7.5%); Highly refined mineral 
oils (72.5%); Graphite (10.0%) 
Unknown 
acute toxicity Pt 
Shell- 
Tellus 
46 
Synthetic hydrocarbon base oil (90-99%) (blend); Proprietary additives (1-3%) (Proprietary) Unknown 
acute aquatic 
toxicity Pt 
Shell - 
Alvania 
RL3 
Highly refined petroleum oils (80-90%);Grease thickener (1-5%)(Proprietary);Proprietary 
additives (contains 1% zinc) (5-15%)  
Unknown 
acute aquatic 
toxicity Pt 
Shell- 
Donax 
Highly refined mineral oil and synthetic base oil (85-95%)(blend);Polymer additives (3-9) 
(proprietary); Zinc dialkaryldithiophosphate (ZDDP)(1-3%) (proprietary) 
Unknown 
acute aquatic 
toxicity Pt 
Castrol 
Wire 
Rope 
Oil 1911 
Highly refined mineral oil (IP 346 DMSO extract < 3%). Proprietary performance additives. Unknown 
acute toxicity ; 
Unknown 
acute aquatic 
toxicity 
Co
al 
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Castrol 
Dynadri
ve HD 
85W/14
0 
Highly refined base oil (IP 346 DMSO extract < 3%). Synthetic base stock. Proprietary 
performance additives; Olefin sulphide (68937-96-2) (0.1-25%); Reaction products of bis(2-
methylpentan-2-yl)dithiophosphoric acid with phosphorus oxide, propyleneoxide and amines, 
C12-14 alkyl (branched) (1.2.5%) 
Unknown 
acute toxicity 
Co
al 
Castrol 
- EPX 
SAE 
80W-90  
not classified as dangerous - Highly refined base oil (IP 346 DMSO extract < 3%). Proprietary 
performance additives. 
Unknown 
acute toxicity ; 
Unknown 
acute aquatic 
toxicity 
Co
al 
BP - 
Autran 
TO 430 
HOB Calcium branched chain alkyl phenate sulphide (90480-91-4) (1 - 5%); Zinc alkyl 
dithiophosphate (68649-42-3 )(1 - 5%); Aryl diesters (Proprietary )(1 - 5%); Branched 
alkylphenol and Calcium branched alkylphenol (Proprietary )(0.1 - 1%) 
Suspected 
reprotoxin;  
Unknown 
acute aquatic 
toxicity 
Co
al 
Shell -
Corena 
- 
Compre
ssor Oil  
Highly refined petroleum oils(Mixture) (95 - 99%); Proprietary additives (Mixture)( 1 - 3%) Unknown 
acute aquatic 
toxicity 
Co
al 
Shell -
Tellus 
T15 Oil  
Highly refined petroleum oils Mixture (85 - 95%)(mixture); Proprietary additives (contains <1% 
zinc) (Proprietary)( 3 - 9%) 
Unknown 
acute aquatic 
toxicity 
Co
al 
Shell - 
Corena 
S46 
Highly refined petroleum oils (95 - 99); Proprietary additives (1-3%) NA 
Co
al 
Shell - 
Tellus 
46 
Synthetic hydrocarbon base oil (90-99%) (blend); Proprietary additives (1-3%) (Proprietary) Unknown 
acute aquatic 
toxicity 
Co
al 
Mechanical Maintenance  Co
pp
er 
Durall 
Fine 
Line 
Modified Aliphatic Polyamine (trade secret); Trade secret Unknown 
acute toxicity ; 
Unknown 
acute aquatic 
toxicity 
Co
pp
er 
Durall 5-
15 
(Quick 
patch)A 
and B 
Trade Secret; Part B: Mercaptan polymer (?%) (trade secret) Unknown 
acute toxicity ; 
Unknown 
acute aquatic 
toxicity 
Co
pp
er 
Michelin 
- Paste 
to 
maintain 
wheels 
5085 
Trade secret, non-hazardous Unknown 
acute toxicity ; 
Unknown 
acute aquatic 
toxicity 
Co
pp
er 
Wurth - 
Pneuma
tic S10 
INC 80 (1%) (trade secret) Unknown 
acute toxicity ; 
Unknown 
acute aquatic 
toxicity 
Co
pp
er 
WD-40 Surfactant (<2%)(Proprietary); Non-Hazardous Ingredients (Mixture) (<10%) NA Co
pp
er 
Loctite 
495 
Thickener  (1-5%) (proprietary) Unknown 
acute aquatic 
toxicity 
Co
pp
er 
CRC-2-
26 - 
Multipur
pose 
lubricant 
Isoparaffinic hydrocarbon (65-75%) (64742-47-8); White mineral oil (`15-25%) (8042-47-5); 
Corrosion inhibitor blend (TS) (5 – 15); Carbon dioxide (1-5%) (124-38-9) 
Harmful if  
swallowed 
Pt 
Satcoflo
r 098 - 
Hardene
r 
BENZYL ALCOHOL (40%) (100-51-6) ; 1SOPHORONEDIAMINE (IPD) (30%) (2855-13-2 ); 
Remainder is TS 
Harmful if  
swallowed 
Pt 
Polio-
Bond 
PROPRITARY MIXTURE < 16 %; DUREZ < 8 %(????); MEKOL > 50 %; ETHYL ACETATE < 
28 %; SULPHUR < 1 % 
Unknown 
acute aquatic 
toxicity 
Co
al 
Rite 
Lok 
HP42 
Polyester Resin (TS) (15 – 40%);  2,2'-Ethylenedioxydiethyl dimethacrylate (15-40%) (109-16-
0) ;  Bis(isopropyl)naphthalene (10-30%)(38640-62-9); 2-Hydroxypropyl methacrylate (3-
7%)(923-26-2); α,α-Dimethylbenzyl hydroperoxide (1-5%)(80-15-9);    Acrylic acid (1-5%) (79-
Toxic to 
aquatic life Co
al 
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Sealant 
- High 
pressur
e  
10-7);  Methacrylic acid, monoester with propane-1,2-diol (1-5%)(27813-02-1); 1,2-
Benzisothiazol-3(2H)-one 1,1-dioxide (0.5-1.5%)(81-07-2); 2'-Phenylacetohydrazide (0.1-
1%)(114-83-0);   Cumene  (0.1-1%)(98-82-8); N,N-Dimethyl-p-toluidine (0.05-0.99%);  Optical 
brightener  (0.05 - 0.15) (TS) 
Sp Jel  Nitric Acid (<180g/l);Thickeners (< 28g/l); Surfactants(< 2g/l) Toxic to 
aquatic life 
Co
al 
Gardening Chemicals  
Co
al 
Roundu
p  
Glyphosate\(360.0 g/l\0 a.e. As N-(phosphonomethyl)glycine, IPA salt. (1071-83-6) ; 
Surfactant (TS); Inerts (Balance) 
Toxic to 
aquatic life 
Co
al 
Efekto - 
Garlon 4 
Triclopyr (61.0-62.0 %)( 0 6 4 7 0 0 - 5 6 – 7) ; Surfactant (<5.0%) (TS); Kerosene 20.0-
(40.0%)( 008008-20-6) 
Harmful if  
swallowed; 
very oxic to 
aquatic life 
Co
al 
Rosecar
e 3 
Bifenthrin (2.0 g/l) (82657-04-3); Myclobutanil (7.5 g/l)( 88671-89-0); Inerts Balance Suspected 
reprotoxin; 
insufficient 
communicatio
n; Toxic to 
aquatic life 
Co
al 
Clear All  N-(Phosphonomethyl)glycine, monoisopropylamine salt solution (48%) (38641-94-0); 
Surfactant (10-20%) 
NA Co
al 
Snail 
Ban 
1-naphyl methylcarbamate (Carbyl) (20g/kg) (63-25-2);  Captan (0.05 g/kg)( 133-06-2)   
Metaldehyde (30.0 g/kg) (108-62-3) ; Inerts 
Fatal if  
inhaled; Toxic 
to aquatic life 
Co
al 
Cathode Plant/Water Treatment Reagents  Co
pp
er 
Fluorora
d- Mist 
Control 
Agent- 
FC 1100 
Acrylate Adduct +(5965P) (45-55%) (trade secret);; Residual perfluoroalkyl sulfonates (<5%) 
(mixture) 
Unknown 
acute toxicity ; 
Harmful to 
aquatic life; 
Potential POP 
Co
pp
er 
LP150 Proprietary non toxic components NA 
Pt 
CT47 20% Proprietary non toxic components; Ammonium Hydroxide; Cyclohexylamine (108-91-8) NA 
Pt 
ROClea
n P111 
Inorganic Carbonate (Proprietary)( < 30%) ; EDTA Salt (Proprietary)( < 30%) ; Percarbonate 
Salt (Proprietary)( < 30%) ; Inorganic phosphate salt( Proprietary)( < 30%) ; Amphoteric 
Surfactant Mixture (Mixture)( < 2%) 
NA 
Co
al 
Laboratory Chemicals  
Pt 
AqCua 
Activato
r 357 
SA 
Copper (2.5-6%) Harmful if  
swallowed; 
very toxic to 
aquatic life Pt 
Cleaning Products Co
al 
Disinfe
ctant 
QAC 
(Kiemot
ol) 
QUARTERNARY AMMONIUM COMPOUND 25 %; PROPYL ALCOHOL 10 %; NAPTHALENE 
3.6 %; ORTHO DICHLORO BENZENE 17 %; INERT INGREDIENTS 44.4 
Unknown 
acute toxicity ; 
Harmful to 
aquatic life Co
al 
Paints  Co
al 
Carbom
astic 
2000 - 
Part B 
Polymeric Mdi (TS)(85%); 4,4' Mdi (101-68-8)( 15%); Polymeric Mdi (9016-87-9)( 5%) ; 2,2, 
2,4 Mdi (26447-40-5)( 5%) 
Efekto - 
Garlon 4 
Co
al 
Explosive Co
al 
Anfo 
Silos  
Ammonium nitrate (6484-52-2)(>90%); Fuel additive (<10%) Suspected 
carcinogen 
Co
al 
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APPENDIX G 
Example of risk characterisation results with criteria-based assessment (the full results can be 
found in Appendix G in the spreadsheet attached). 
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APPENDIX H 
 
Table H1: Penalties and Credits for Analytical Laboratory Workspace 
Analytical Laboratory 
Penalties Points Credits Point
s 
Known CMR  50 Concentration of daily use quantity less than 
TWA 
10 
Suspected CMR  30 Fumehoods  25 
Fatal 30 All PPE worn  6 
Toxic by inhalation/contact 8 Training programme in place for safe use of 
chemical in question   
6 
Typical daily quantities 
<500g 
1 MSDS in storage and usage area 3 
More than 3 single 
component chemicals  
2 Reminders to wash hands before eating and 
smoking 
2 
More than 3 hydrophiles and 
3 lipophiles 
5     
More than 3 with chemicals 
with high VP 
5     
More than 3 with medium VP 3     
Low VP 1     
More than 3 chemicals in 
powder form  
5     
Incomplete disclosure  3     
Total  143   52 
IWI = 143/52 = 2.75 
 
 
 
 
 
 
307 
 
 
Table H2: Penalties and Credits for Cleaning Workspace 
Cleaning 
Penalties Point
s 
Credits Point
s 
Other health hazards  3 Concentration of daily use quantity less 
than TWA 
10 
Typical daily quantities  > 500 g to 
<20000 g 
3 Natural ventilation  4 
More than 3 multicomponent 
chemicals  
5 Some PPE as stipulated 2 
More than 3 hydrophiles and 3 
lipophiles 
5 MSDS in storage and usage area 3 
More than 3 with chemicals with 
high VP 
5 Reminders to wash hands before eating 
and smoking 
2 
More than 3 with medium VP 3     
Low VP 1     
Unspecific chemical identities 4     
Unstated relative quantities 4     
Incomplete disclosure  3     
Total  36   21 
IWI = 36/21 = 1.7 
 
 
